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''When you can measure what you are speaking about and express it in 
numbers, you know something about it, and when you cannot measure it, 
when you cannot express it in numbers, your knowledge is of a meagre and 
unsatisfactory kind. It may be the beginning of knowledge, but you have 
scarcely in your thought advanced to the stage of a science.” 

— Lord Kelvin. 



FOREWORD 

In the manufacture of almost any substance, material, or article, 
in industrial, pharmaceutical, medical, biological, and research chem- 
istry, in times of peace as well as in times of war, analytical chemical 
methods, because they give information which is unobtainable by 
other means, have become of very great importance. 

In all applied chemistry, the demand for accuracy in analytical 
methods varies with the material, application, or conditions in each 
case. Accuracy greater than the conditions or materials warrant, 
especially if it is at the expense of time, labor, or equipment, is never 
in demand, since it serves no useful purpose. The great demand in 
all fields of applied chemistry is for analytical methods of suflicient 
accuracy which require but little time for completion. In recent 
years another requisite has been added to that of suflicient accuracy 
and rapidity, namely that of sensitivity, so that extremely small 
amounts of substance can be analyzed or determined, if necessary. 

Ordinary gravimetric analyses could and can comply with only 
one of the above qualifications, namely, accuracy. For rapidity and 
sensitivity they were not so designed and are by their nature not 
adaptable. 

While here and there a volumetric method will fulfill all of the 
above requirements, especially that of rapidity and occasionally that 
of sensitivity at the cost of tediousness, the greatest progress in fulfill- 
ing these requirements has been made by means of photometric 
analysis— colorimetry and nephelometry. Photometric analytical 
methods have established new standards and new fields of application 
and research, owing to their high sensitivity, although in a few cases 
there is still room for improvement in accuracy and rapidity. 

If the contributions of photometrical chemical analyses to industry 
and research consisted alone in their offering us the means of determin- 
ing substances in very small amounts or in very high dilutions, this 
alone would justify their use and study. But in addition to this, 
their use in. routine and control work as a primary means of analysis, 
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in industrial, pharmaceutical, biological, and medical work has been 
so great — references in the literature amounting to several thousand 
articles — and is growing so rapidly, that it is safe to say that photo- 
metric analyses are indispensably connected with the many fields of 
applied chcmistr}^ 

As photometric analysis is yet in its infancy, we are learning daily 
how to increase its efficacy, through improvement in accuracy, rapidity, 
and sensitivity. The study of the most .sensitive reactions, the best 
media for their production and stabilization, involving in many cases 
the use of protective colloids, and finally the best methods and equip- 
ment for obtaining a photometric balance and determination, are all 
involved in photometric analytical research. 

Many analytical chemists, not having seen or heard of photo- 
metric analyses in detail during their analytical training period, have 
been so accustomed to make their analytical procedures adaptable to 
either filtering, washing, drying, and weighing of precipitates, or to 
some volumetric titration, that photometric analytical procedures are 
new to them, their advantages unknown, or their accuracy under- 
estimated. 

While gravimetric and volumetric analyses will always be neces- 
sary for purposes of precise scientific measurements and perhaps also 
as standards for comparing shorter methods, yet since the application 
of chemistry involves so many of these photometric methods, no well- 
equipped student or chemist can afford to ignore the bases and prin- 
ciples of photometric analysis, its advantages, its accuracy, details of 
correct manipulation, the possible sources of errors, and the improve- 
ments that are, and can be, made in this very useful field of analytical 
chemistry. 

For these reasons I believe that Professor Yoe’s treatise on photo- 
metric analysis will be welcomed by students and workers as a great 
aid in the field of applied chemistry. 


Philip Adolph Kober 
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The rapid growth of colorimetry and nephelometry has created a 
demand for a comprehensive reference work on these two methods of 
chemical analysis. The use of color as a means of making quantita- 
tive chemical measurements is almost as old as the science of chemistry 
itself. The Greeks and Romans detected the presence of alkalis in 
natural waters by the decoloration of red wine. Keates is said to 
have been the first person to determine copper colorimetrically. 
This was done almost a century ago. During the past twenty- five 
years many new colorimetric methods have been developed, so that 
now most of the more common elements, a number of the less common 
ones, and many organic compounds may be determined by means of 
the colorimeter. The literature numbers several thousand references. 

Nephelometry, on the other hand, is a comparatively new science. 
It had its beginning in the nineties when Richards used it as a means 
of making corrections in certain atomic-weight determinations. But 
it was not until 1912 that nephelometry as an analytical method was 
developed by Kober, and almost at the same time (1913), but entirely 
independently, by Bloor. Since that time nephelometry has made 
rapid strides both in the development of new methods and in the 
improvement of apparatus. Kleinmann in Germany has made 
important contributions within the past few years. Although 
nephelometry as an analytical method is in its infancy, it is rapidly 
growing, and already a literature of several hundred papers exists. 

In view of the widespread application of colorimetry and the 
extensive development of nephelometry, it seems to the author that 
the time is now ripe for the theoretical consideration and correlation 
that these two sister methods of chemical analysis deserve. It is 
hoped that the chapters devoted to the actual operation of the instru- 
ments, the various methods of computing results, and the description 
in detail of representative analyses will clearly demonstrate to the 
chemist and biological worker the speed and accuracy obtainable by 
the use of'photometric methods. 
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Furthermore, much progress in the sciences and the arts depends 
upon accurate determinations, and often upon rapid determinations, 
of amounts of substances that are too small to be estimated by 
gravimetric or volumetric analysis. From the point of view of 
rapidity, and for use in micro-analysis, colorimetry and nephelometry 
possess decided advantages; in fact, with the exception of the inter- 
ferometer, the use of these methods is the only advance thus far 
made in this direction. As a matter of convenience, colorimetry 
has been treated in Volume I and nephelometry in Volume 11. The 
second volume will appear within the next few months. 

As this is the first extensive treatment of the subject, the author 
aims to cover a number of topics not ordinarily treated. This book 
has been written for both the advanced student in chemistry and the 
research worker. An extensive bibliography, arranged alphabetically 
by subject and chronologically under each subject, has been included. 
Many of the references contain a brief abstract, while others have 
been recorded with only the subject heading. It must not be assumed, 
however, that the relative importance of an article is indicated by 
the length of its abstract. Indeed, many excellent papers have been 
recorded with only their titles or subject headings. 

It has been the aim of the author to make the bibliography an 
accurate and fairly complete survey of the literature on photometric 
chemical analysis. No doubt there are a number of articles that 
have escaped his attention, and he hopes that the users of the bibliog- 
raphy will call his attention to omissions in order that these may be 
included in a future edition. Also, notice of any errors will be greatly 
appreciated. 

The author earnestly hopes that workers in this field will cooperate 
in improving (and “weeding out” if necessary) some of the less 
accurate and imperfectly studied methods given in this treatise. It 
is mainly with this idea in mind that these procedures have been 
included. As fai as possible, the author has endeavored to state the 
limits of accuracy of each method, but, unfortunately, such data 
are not available at present for a number of the procedures; in others 
the data are given only for very limited applications. All chemical 
factors are based upon the International Atomic Weights for 1925. 

The author owes a special debt of gratitude to Dr. Philip A. Kober, 
who read the entire manuscript for both volumes and made many 
helpful suggestions. In addition to this, Dr. Kober translated a 
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number of Dr. Kleinmann’s papers, checked about a hundred refer- 
ences in the bibliography, and contributed a chapter on Directions for 
Using a Precision Colorimeter, 

Thanks are due Dr. Philip B. Hawk, Food Research Laboratories, 
New York; Professor Robert F. McCrackan, Medical College of 
Virginia; and the author’s colleague. Professor Alfred Chanutin, each 
of whom read the manuscript for the Biological Part and made helpful 
criticisms. 

Professor H. H. Willard, University of Michigan, reviewed the 
manuscript on his periodate method for determining manganese; 
Professor William M. Dchn, University of Washington, read the 
manuscript for the chapter on Errors in Colorimetry; Mr'. C. R. 
McCabe made helpful suggestions in connection with his method for 
the determination of vanadium in iron and steel; Mr. John R. Cain 
made an outline of his thiocyanate method for iron, indicating what 
was to be reproduced; and Dr. Hans Kleinmann, University of Berlin, 
furnished two cuts of his improved colorimeter and about a hundred 
references not in the author’s card index. The author is very grateful 
for this assistance. 

He is indebted to his students for assistance in checking many of 
the references in his card index, and especially to Mr. Raymond 
D. Cool for his painstaking care in checking all of the chemical factors 
in the book and for assistance in checking many of the references in 
the bibliography. Thanks are also due Dr. Harold B. Friedman, 
Mr. William L. Hill, and Mr. James M. Graham for tracing a number 
of the diagrams used in the book. 

The author is very grateful to the following for permission to use 
certain parts of their published articles or books: Professor Martin H. 
Fischer, University of Cincinnati; Professor E. F. Burton, University 
of Toronto; Dr. John H. Foulger, University of Cincinnati; Professor 

G. B. Frankfortcr, University of Minnesota; Mr. Charles M. Johnson, 
Crucible Steel Company of America; Dr. J. L. Isaacs, Columbia 
University; Mr. H. Heidenhain; Mr. E. Gabriel Jones, City Analyst’s 
Department, Liverpool; Mr. Walker J. King, General Electric 
Company; Dr. Victor C. Myers, Western Reserve University; Pro- 
fessor Robert F. McCrackan, Medical College of Virginia; Professor 

H. B. Pulsifer; Dr. F. D. Snell, Pratt Institute; Professor W. W. 
Scott, University of Southern California; Mr. Freeman M. Scales; 
Professor H. H. Willard, University of Michigan; Mr. Jerome Alex- 
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ander; Professor Arthur W. Thomas, Columbia University; Professor 
J. F. McClendon, University of Minnesota. 

Thanks are due to the editors of the following journals for the 
privilege of using copyrighted material: Archives of Internal Medicine; 
Archives of Pathology and Laboratory Medicine; The Analyst; 
Journal of the American Chemical Society; Journal of the American 
Medical Association; Biochemical Journal; Biochemischen Zeit- 
schrift; Bulletin de la Socicte de Chemie biologique; Chemical 
Abstracts; Journal of Chemical Education; Journal of Industrial 
Hygiene; Journal of Biological Chemistry; Industrial and Engineering 
Chemistry; Journal of the Society of Chemical Industry; Zeitschrift 
flir analytische Chemie. 

The following publishing companies granted permission to use 
certain figures or to quote from their publications: The Century Co.; 
The Chemical Catalog Co.; The Chemical Publishing Co.*; E. P. 
Dutton & Co.; Longmans, Green & Co.; The C. V. Mosby Co.; 
D. Van Nostrand Co.; George Thieme; John Wiley & Sons. The 
American Public Health Association and the Bureau of Standards, 
U. S. A., gave permission to use material from their publications. 

The author is indebted to the following companies for cuts and 
for the use of material in their catalogs: Akatos, Inc.; Arthur H. 
Thomas Co.; Bausch & Lomb Optical Co.; LaMotte Chemical 
Products Co.; E. Leitz, Inc.; Schmidt &Haensch; Spencer Lens Co. 

He is very grateful to the Research Committee of the University 
of Virginia for a grant to defray part of the travel expenses incurred 
in connection with the preparation of the manuscript. 

He owes his wife a special debt of gratitude for her painstaking care 
in typing the manuscript and for her assistance in the reading of 
manuscript and proof. 

J. H. Y. 

University, Virginia, 

January, 1928.' 
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These errata are inserted in Volume II for the benefit of those who 
own a copy of Volume I. 


ERRATA 

Volume I 

PAc.j'; 

5, footnote, ‘'J. Lab. Clin. Med.” should appear only once. 

6, line 20, omit “reasonably.” 

28, line 14, “scales” should read “scale.” 

37, line 20, “plunger” should read “plungers.” 

37, line 22, “on both sides” should read “between the two halves.” 

80, the first equation should read S= — — 

81, the first equation should have “ = ” after S instead of “ — 

87, in footnote 12, last line, “showed” should read “shown.” 

95, line 37, “a:Sb2S.vyS“” should read “A:Sb2S;0’S — .” 

97, line 3 from bottom, “ trisullide” should read “sulfide.” 

134, line 18, and page 136, line 3, formula for borax should be 

“Na2B4()7.1()H20.” 

167, line 9, “9.2” should be “0.2.” 

248, the formula fordimelhylglyoxime should beC’H.v C C — CH3 

11 II 

NOH NOH 

378, line 10, “other” should read “ether.” 

380, Note 1, line 5, “re.sidue” should follow “insoluble.” 

394, line 6, “acid” should follow “nitric.” 

445, line 2, “poassium” should read “potassium.” 




COLORIMETRY 


PART I 

General Principles, Apparatus, Calculations, Calibration and 
Correction Curves, Errors, Colloids, and Directions 
FOR Using a Precision Colorimeter 

CHAPTER I 

GENERAL PRINCIPLES 

It has long been the custom of chemists to classify all methods of 
analysis according to the technique employed, i.e., gravimetric 
analysis or volumetric analysis. If we classify the methods accord- 
ing to the physico-chemical principles involved, it will be found that 
practically all quantitative procedures may be grouped under the 
following important principles 

1. Neutralization. 

2. Solubility-product or saturation-value of the ion-concentration 
product. 

3. Oxidation-reduction. 

4. Colorimetry and nephelometry (photometric chemical analysis). 

5. Evolution and measurement of gases. 

In the present treatise we are concerned with the kiurth principle 
listed above. Phototnetric chemical analysis may be defined as analysis 
which depends upon a change in the amount or character of light due to a 
chemical reaction. The change in the amount of light as understood 
in this treatise is that due to either absorption or reflection. Analysis 
made on the basis of absorption is usually called colorimetry, and in a 

1 C/. H. A. Pales, Inorganic Quantitative Analysis, p. 5. The Century Co., New York, 
1925. 
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few cases turbidimetry, while analysis based on reflected light is 
called nephelomelry. A few colorimetric methods based upon the 
formation of color stains have also been included. As a matter of 
convenience, we shall treat colorimetry and nephelometry separately, 
the latter being discussed in Volume IL 

The use of color as a means of determining the amount of a given 
substance present has long been employed, for example, in the deter- 
mination of ammonium, nitrite, and nitrate nitrogen in water or of car- 
bon in steel. Also, color may be referred to an absolute index of 
color value, for example, by use of the Lovibond Tintometer; or it 
may be determined by absolute analysis in terms of wave-length of 
dominant hue or its complement and the percentage of white, for 
example, monochromatic analysis by means of the Nutting Colorim- 
eter. 

Colorimetric methods have rapidly increased in number during the 
past twenty-five years, so that the list now includes many metals 
(aluminum, chromium, cobalt, copper, gold, iron, lead, magnesium, 
manganese, mercury, molybdenum, nickel, potassium, titanium, 
tungsten, vanadium, zinc, etc.), many non-metals (arsenic as arsenate; 
boron as borate; carbon; hydrogen-ion; nitrogen as nitrite, nitrate, 
and ammonium; oxygen both free and as hydrogen peroxide; silicon 
as silica; sulfur as sulfide; phosphorus as phosphate; etc.), and a 
large number of organic substances which include nearly all classes of 
organic compounds (alcohols, aldehydes, organic acids, esters, phenols, 
carbohydrates, alkaloids, hemoglobin, etc.). 

In general, colorimetric analysis consists in adding a reagent to a 
solution of the test substance in such a way as to produce a color. The 
basis of colorimetry may be stated as follows : When equal heights or 
thicknesses of two solutions give the same intensity of color, the con- 
centrations of the solutions are said to be eciual. When equal color 
intensity is obtained from different heights of two solutions, the 
assumption is often made, in accordance with Beer’s law, that the 
concentrations are inversely proportional to the heights. While many 
colors follow Beer’s law sufficiently closely, recent colorimetric work 
makes no assumption at all; but, as shown in Chapter IV, the amount 
of color for each concentration is obtained by standardization with 
each color under the conditions found in any particular determination. 

As a matter of convenience, and also to insure greater precision and 
speed, special forms of apparatus have been developed for use in 
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colorimetry. Many of the more commonly used instruments are 
described in detail in Chapter 11. The methods employed in match- 
ing colors may be grouped under four heads: 

1. Standard series method. 

2. Dilution method. 

3. Duplication method. 

4. Balancing method. 

Standard Series Method. — In this method the sample solution 
contained in a glass tube (or cell) is diluted to a definite volume, 
mixed, and its color compared with a series of standards similarly 
prepared. 

In some cases it is possible, and may be more convenient, to prepare 
a series of permanent standards by means of solutions and mixtures 
of solutions of certain colored inorganic salts, such as, for example, 
cobalt chloride, ferric chloride and copper sulfate.- If such a series 
is employed, each solution must, of course, be standardized against a 
known amount of the original substance and under identical conditions 
as maintained in the analysis of a sample of the substance. Care must 
be taken that the tint or shade of color is the same in the permanent 
standard as in a solution of the substance to be determined. 

Sometimes it is a great convenience to use a series of colored 
glasses as standards. For example, cobalt glass has been found to 
match the blue color of certain vat dyes reduced by alkaline sodium 
hyposulfite.'^ The use of these permanent standards proved a great 
help in reaction velocity studies on these dyes where it was necessary 
to make rapid determinations every few minutes and, also, on account 
of the fact that the reduced dyes are readily oxidized by air, and 
therefore a freshly prepared standard would be required for each 
determination. The plates of glass were standardized against known 
weights of dye reduced under standard conditions and were always 
placed in the colorimeter inn definite position to guard against introduc- 
ing an error due to any irregularity in the glass. In using colored 
glasses as permanent standards, great care must be taken that the 
tint of color exactly matches that of the test solution. For a more 

* H. V. Amy and C. H. Ring, J. Franklin Inst., 180 , 199 (1915); J. Ind. Eng. Chem., 
8, 309 (1916). 

’ J. H. Yoe and G. Edgar, J. Phys. Chem., 27 , 65 (1923); J. H. Yoe, ibid., 28 , 1211 
(1924). ; 
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detailed discussion of permanent standards consult the references on 
standards given in the Bibliography (Part V). 

With a series of standards, the amount of substance in the sample 
is obtained directly, since it is equivalent to the amount contained 
(or represented) in the standard which it matches in color intensity. 

Dilution Method.— If the sample and standard solutions, when 
placed in glass tubes (or cells) of the same diameter and observed 
horizontally through the tubes, have the same intensity of color, 
obviously their concentrations are identical. Usually the solutions 
do not match in color intensity, and the darker one is then diluted 
until a match is obtained when the two are viewed horizontally through 
the tubes, i.e., through the same thickness of liquid. This process of 
comparison is called the dilution method. When sample and standard 
solutions match, their concentrations are the same and, hence, the 
weights of the substance in the two solutions are directly proportional 
to the respective volumes. 

Duplication Method. — This method is carried out as follows: The 
sample is placed in a glass tube (or cell), diluted to a definite volume, 
and mixed. Water is put in a similar vessel and the same reagent (or 
reagents) added as used to produce the color with the sample. The 
volume in this “ blank should be a little smaller than that of the 
sample solution. Next, a relatively concentrated standard solution 
of the substance being determined is run into the ‘‘blank” from a 
burette until its color matches that of the sample solution, the final 
observation being made after the “duplicate” has been brought up 
to the same volume as the sample, by the addition of distilled water, 
and thoroughly mixed. The amount of standard solution required 
to make the “duplicate” is a measure of the amount of substance in 
the sample solution. 

Balancing Method.— This method consists in placing the sample 
solution (or an aliquot portion) in a flat-bottom graduated tube and 
then running intio another similar tube a standard color solution until 
the color intensities of the two are the same when viewed vertically 
through the length of the columns of liquids. When thus “balanced,” 
the concentrations of the two solutions are inversely proportional to 
their heights (not volumes) in the tubes. Schreiner^ points out that 
“curiously enough, the graduation into cubic centimeters has been 
carried over to the cylinders used in many of these instruments 

*]. Am. Chem. Soc., 27, 1198 (1905). 
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(balancing or plunger type colorimeters) when it is perfectly obvious 
that it is the height of the standard liquid which detennines the 
strength of the unknown solution.” Of course, if both the sample 
and standard tubes have the same diameter and the bore is uniform 
throughout in each tube, then the two concentrations are also inversely 
proportional to their volumes when the colors are matched by the 
balancing method. Such uniformity in color tubes is hard to obtain, 
and is unnecessary when the balancing method is employed, unless the 
highest degree of precision is required. Moreover, the use of the 
cubic centimeter scale in graduating the balancing or plunger type 
colorimetric apparatus is wrong in principle and therefore should not 
be employed. A rational graduation into scale divisions (say, centi- 
meters) independent of capacity or uniformity of bore of the tube 
should be used. 

Instead of placing the sample solution in the tube and changing 
the height of the standard column until the color intensity is the same 
as that in the unknown, a measured height of standard solution may 
be placed in one tube and the sample solution run into the other until 
a color match is obtained. 

The balancing method is by far the speediest of the four procedures 
above mentioned. It is also, in general, the most accurate, provided 
the proper conditions arc observed. 

The change in the height of a solution has been accomplished in a 
variety of ways, e.g., (1) by dropping from a burette into one of the 
comparison tubes, (2) by providing one or both of the tubes with a 
stopcock near the bottom, (3) by connecting, by means of a side tube 
at the bottom, with a reservoir which permits moving the solution up 
and down at will, and (4) by changing the height by means of an 
immersion prism or tube. These types of instruments are described 
in detail in the chapter on Colorimetric Apparatus (Chapter II). 

Requirements of the Colorimetric Method.''* —In order to make 
possible the employment of a colorimetric method, certain conditions 
must be fulfilled, chief among which are the following: 

1. The color produced by the reagent must be characteristic of 
the test substance, or, in case certain other substances produce the 
same color as does the test substance, these must be known to Oc 
absent. 

2. The color produced by the reagent and test substance must be 

* J. n. Yoe, J. Lab. Clin. Med., J. Lab. Clin. Med. 13, 139 (1927). 
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the only color present in the solution. In some cases the presence of 
a very small amount of a foreign colored substance in the sample solu- 
tion may be compensated by using a standard with the same concentra- 
tion of the foreign substance. For example, a titanium solution con- 
taining a small amount of ferric salts may be accurately matched 
against a standard titanium solution to which has been added ferric 
ions sufficient to equal the concentration of the latter in the test 
solution. 

3. The sample solution must be colorless, or, if colored, this color 
must be removed by the reagent or by some other step in the procedure. 

4. The sample solution must not contain any foreign substance 
which will give a color or precipitate with the reagent. 

5. The color produced by the reagent must be reasonaoiy perma- 
nent, i.e., it must not fade so rapidly that an accurate color comparison 
is impossible. Under certain well-defined conditions it is sometimes 
possible to employ a fairly unstable color and still obtain a satisfactory 
quantitative measurement. Such cases will be treated in the text in 
their respective procedures. 

6. Neither the intensity nor the tint of the color produced by the 
reagent and test substance must be affected by the presence of reason- 
ably relatively high concentrations of electrolytes likely to be present. 
In certain cases it is necessary to adjust very carefully the hydrogen- 
ion concentration before an accurate color comparison can be made. 

To the above may be added certain other conditions which are 
desirable in a colorimetric method but which are not always required: 

1. The intensity of the color should be directly proportional to the 
concentration of the test substance. 

2. The color should be one easy to distinguish and to match; for 
example, blue, red, green, etc. In this connection it must be remem- 
bered that an operator may have a dull or imperfect susceptibility to 
one color and still be able to match other colors with great precision. 
It is therefore important that he test himself thoroughly for each color 
by matching a standard against itself in several degrees of intensity. 
If concordant results are not obtained with a certain color, it is useless 
for him to go further with this color. 

3. The method should be rapid, accurate, and sensitive. Fre- 
quently one, or maybe two, of these qualities are sacrificed in order to 
attain the more desired third quality. In general, colorimetric 
methods are rapid and accurate and often are delicate enough to 
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determine quantitatively one part of the test substance in several 
hundred thousand parts of water. Some are so sensitive that one 
part of test substance may be detected in a hundred million parts of 
water. 

Accuracy of Colorimetric Methods. — No general statement can be 
made as to the accuracy of colorimetric methods. Some colorimetric 
determinations have been brought to such a high degree of perfection 
that they far surpass gravimetric or volumetric determinations in 
accuracy. On the other hand, many colorimetric methods are only 
rough approximations. These approximate methods, however, serve 
a purpose, for in such cases we frequently have no other means of 
determining the substances; or, as often happens, a very rapid 
method may be necessary, and a colorimetric procedure, although its 
results are only approximate, may meet this requirement. It is 
between the above two extremes of accuracy that most of the colori- 
metric methods lie. Attention has often been called to the extreme 
degree of accuracy attainable in colorimetric methods when properly 
carried out. . , . ‘‘There is little doubt that their accuracy is 
more frequently underestimated than overestimated. This is due to 
a number of causes, chief among which are the inability on the part 
of many persons to judge colors accurately, contamination while 
making the tests, the use of impure reagents, and the employment of 
faulty apparatus. Practice will do a great deal to enable one to make 
good comparisons, but it can never make up for a dulled or imperfect 
susceptibility to color. Great attention should be given to this 
point in using colorimetric methods. See page 83. 

Speed of Colorimetric Methods.— As in the case of accuracy, 
colorimetric methods vary widely from the standpoint of speed. 
Some are extremely rapid, requiring only a few minutes, while others 
are very slow and tedious, especially if the highest degree of accuracy 
is desired. Often accuracy is sacrificed for speed. “In devising 
colorimetric methods there have been two main objects throughout, 
namely, speed and the ability to estimate small amounts, both of which 
are common to many of the methods, but not necessarily so. A 
colorimetric method may have speed and yet not be capable of estimat- 
ing very small amounts. Speed is, through necessity perhaps, of the 
greatest importance to the works chemist and to the busy analyst. 
The ability to estimate very small amounts of material, however, 

* 0. Schreiner, J. Am. Chem. Soc., 27, 1196 (1905). 
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is of the greatest importance to the modern investigator in the fields of 
pure and applied sciences, and to him speed is of only secondary 
importance if indeed he values it at all. Some of the more recently 
devised colorimetric methods are for this very reason fully as labor- 
ious and perhaps even more tedious than the gravimetric methods, 
and their one virtue lies in the fact that they can be used in determining 
amounts so small that gravimetric methods fail, and, hence, they 
present a means of attacking problems which hitherto had been impos- 
sible of investigation. 

“The choice whether a gravimetric [or a volumetric] or a colori- 
metric method should be used in a given case lies therefore almost 
wholly within that class of colorimetric methods which have been 
devised for speed, and the question in this case is usually only one of 
comparative accuracy as balanced by the gain in time. This gain 
in time may, however, be of the utmost importance, not only in a 
works laboratory, but also in a scientific investigation where it is 
necessary to know the amount of a substance present at any given 
time in the course of an experiment.”^ 

In spite of certain limitations “the colorimeter is coming into use 
more and more every day because of its answer to the demand in 
nearly every laboratory for speed. Colorimetric methods, used 
because of their speed, give results in five minutes to one hour from 
the time the test is begun which is in all cases less than half the time 
similar tests could be made by other methods [except perhaps poten- 
tiometric methods]. A leading brass manufactory of the country 
[United States] obtains an analysis of its brass from the laboratory 
within forty-five minutes after the delivery of the sample. Of the 
five constituents determined, four are determined by colorimetric 
methods.”^ 

Limits of Application of Colorimetric Methods.~In general, a 
colorimetric method cannot be used when more than one or two per 
cent of the substance being determined is present without resorting 
to aliquot parts and using a portion of the solution of the sample 
instead of the whole. In the latter case it is, of course, necessary to 
measure the aliquot part as accurately as the sample was measured, 
otherwise the final result will be in error. 

As for the lower limit of application, it may again be pointed out 

’ 0. Schreiner, J. Am, Chem. Soc., 27, 1194 (1905). 

® F. D. Snell, Colorimetric Analysis, p. 3. D. Van Nostrand Co., New York, 1921. 
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that many colorimetric reactions are sensitive enough to detect one 
part of test substance in several million parts of water and some will 
detect one part in a hundred million parts of water. Hence, by using 
a large weight of the sample material, or a large volume in the case of 
solutions and then concentrating by evaporation, extremely small 
amounts may be determined. Of course, the size of sample that can 
be handled reaches a practical limit. For example, a long time is 
required for concentrating large volumes of liquids and great care 
must be taken to prevent contamination from dust particles, vessels, 
etc. Furthermore, various salts may crystallize out during evapora- 
tion and occlude some of the substance being sought, or a certain 
constituent which has no effect in the dilute sample may interfere 
when its concentration is increased. 

In spite of the many requirements imposed upon colorimetric 
methods, it may be said that, in general, they are applicable to con- 
centrations of one or two per cent down to one part in a hundred 
million, but these limits may be extended under proper conditions as 
pointed out above. 



CHAPTER II 


COLORIMETRIC APPARATUS 

Colorimetric apparatus may be divided into two types according 
to the method of comparison: 

1. Apparatus used in the (a) standard series, (b) dilution, and 
(c) duplication methods. 

2. Apparatus used in the balancing method. 

Apparatus of the first type is generally very simple, consisting of 
bottles, Nessler tubes, Eggertz tubes, Julian tubes, the color camera, 
etc. The balancing method requires more elaborately constructed 
apparatus but the use of it is the simplest. These instruments range 
from the simple Hchner cylinders to the elaborate plunger type and 
wedge type colorimeters, having special optical arrangements which 
enable high precision in matching colors. 

The plunger type colorimeter with the two halves of the field of 
view illuminated by the light passing through the unknown and 
standard solutions, respectively, was first announced by Jules Duboscq, 
of Paris, in 1854, and improved modifications of this instrument have 
been made in recent years by various manufacturers, particularly in 
the United States. 

Special forms of colorimeters, some of which are less elaborate 
and less expensive than the Duboscq type, have been developed. 
Among these may be mentioned the Schreiner Colorimeter for soil 
work; the Kennicott-Campbell-Hurley and the Nessler Tube Colorim- 
eters for watCx analysis, rock analysis, steel analysis, analysis of 
alloys, etc.; the Saybolt Chromometer for oil testing; the Stammer 
Colorimeter used in sugar analysis for grading syrups, and estimating 
the decolorizing power of bone black and other clarifying agents, and 
for many other purposes for which the degree of color, and not deter- 
mination of color-producing substance, is desired; and the Lovibond 
Tintometer for standardizing merchantable petroleums and other 
purposes. 

JO 
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The Duboscq, Bausch & Lomb-Duboscq, Lcitz-Duboscq, Spencer- 
Duboscq, Kober, Bock-Benedict, Schmidt & Haensch, and Kleinmann 
colorimeters are designed particularly for biochemical and clinical 
work, such as the determination of creatinine, total nitrogen, and urea 
in urine, etc. and the determination of non-protein nitrogen, urea and 
ammonia in blood. These arc instruments of high precision and are 
useful for work requiring the highest degree of accuracy, especially 
when only a small amount of sample is available. 

Colorimeters of the wedge type are illustrated by White’s Colorim- 
eter, which is suitable for the analysis of ores and alloys containing 
fairly large amounts of the test substances, and by Myers’ Bi-Colorim- 
cter (three-wedge type) which has been constructed primarily for 
the determination of hydrogen-ion concentration. 

For an absolute analysis of color the Nutting Colorimeter may be 
used. This instrument measures color in terms of wave-length of 
dominant hue or its complement and the percentage of white (mono- 
chromatic analysis). It is used in the analysis and specification of 
colors of liquids, powders, papers, textile fabrics, color screens, light 
source, etc.; for photometry (including spectrophotometry); and 
for determining visual sensibility, hue sensitivity, and purity sensi- 
bility. This instrument makes it possible to measure and record 
iiumerically a color so that at any future time, and with a different 
instrument if desired, it can be accurately reproduced from the record. 
The determination of color blindness and lesser abnormalities of color 
Sensibility also come within its scope. 

; The Nutting Colorimeter is essentially a spectroscope with two 
Additional arms, one to admit standard white light, the other, the light 
^o be analyzed. For a description of this instrument and directions 
ifor using it, see U. S. Bureau of Standards, Bulletin 9, 1-5 (1913) and 
physical Review [2], 4 , 454-455. The original instrument has been 
^odified considerably, the latest form being the Hilger New Model 
Approved by Dr. Nutting. ^ 

! It may be mentioned, finally, that aside from a few brief state- 
pients, analyses involving the use of a Tintometer (Lovibond, Wesson, 
etc.) or the Nutting Colorimeter (and similar instruments) will not 
^e included in this treatise. 

[ In the following pages of this chapter an attempt is made to describe 
Accurately colorimetric apparatus, including a number of the com- 
monly used colorimeters. For a description of apparatus for the 
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colorimetric determination of hydrogen-ion, see Chapter XIX. Colorim- 
eters designed especially for the determination of hemoglobin are 
described in Chapter XLVII. 


COLORIMETRIC APPARATUS 


1. Bottles. — For rapid work and in cases where the highest degree 
of accuracy is not necessary a series of bottles containing standard 
color solutions may be used to advantage. Such bottles should be 
carefully selected. They should be made of clear glass, uniform in 
thickness, and without flaws. All bottles should be uniform in size 
and shape. Bottles having flat and parallel sides are preferable. 

When the series of standards is ready, the bottles may conveniently 
be arranged in a row, spaced at a distance equal to their diameter. 
The sample is treated in a similar bottle, diluted to the same volume as 
the standards, and then inserted in the gaps along the series of bottles 
until its color matches one of the standards. Frequently a sheet of 
white paper or a piece of white frosted glass held back of the bottles 
will aid the observer in matching the color. A uniform source of light 
is essential. Usually the light from the north sky (rich in blue) is 
best, or the light may be obtained from a lamp designed especially for 
colorimetric work. See page 50. A ‘^blue sky” is 23.8 per cent red, 
27.2 per cent green, and 49.0 per cent blue. 

2. Nessler Tubes. — Figure 1. These tubes must be made of 
clear glass, must be uniform in bore, and have polished, flat bottoms. 

Two sizes are in common use: tubes 50 cc. and 100 



Fig. I. 

Nessler Tubes 


cc. capacity. The dimensions and capacities estab- 
lished by the American Public Health Association 
are as follows: The 50 cc. mark on 50 cc. tubes 
should be about 210 mm. high and the 100 cc. mark 
on 100 cc. tubes should be about 325 mm. high. In 
a set of tubes the marks must be the same height 
or not differ more than 6 mm. 100 cc. tubes may 
also be marked at 50 cc. 

The A. P. H. A. tube is the tall form Nessler 
tube. In the low form Nessler tube the 50 cc. 
mark of the 50 cc. tube is about 1 20 mm. high and 
the 100 cc. mark of the 100 cc. tube is about 150 
mm. high. 


In color matching the Nessler tubes may be placed in a wooden 
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box (Fig. 2) so arranged that the light is reflected from the bottom 
up through the tubes, the latter resting on a rack having a false 



Fig. 2. — Nesslcr Tube Box 


bottom. The box should be painted inside a dull black. Or, the 
tubes may be arranged in a specially constructed rack (Fig. 3). This 
rack is made of wood finished in 
dull black and has an opal glass 
reflector at the bottom set at an 
angle. The tubes rest on a metallic 
ledge under the lower deck so that 
' their bottoms do not come in contact 
Jwith the opal glass reflector. This 
^arrangement prevents introducing 
errors due to shadows. 

3. Eggertz Tubes. — Figure 4. Eggertz tubes are especially 
adapted to the colorimetric method for the determination of carbon 
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Tig. 4. 
Eggertz Tubes 


and manganese in steel. They are long tubes of small bore and arc 
graduated to tenths of a cubic centimeter. The graduation marks 
and figures should be small and must be as accurately made as those 
of a burette. The cubic centimeter marks may be 
4 mm. long, but the subdivisions and figures should 
not be over 2 mm. long. In a set of two or three 
tubes, all graduations should coincide with each other, 
thus proving the inside diameter is uniform throughout 
the set. Only carefully selected tubing made of color- 
less glass should be used. The tubing should be free of 
scratches, fine black lines (due to “air bubbles’’ in the 
glass when being drawn into tubing), or other Haws. 

These tubes may be used in a color camera (see page 
15) or simply held at an angle of about 45° to a 
sheet of white paper with their lower ends touching 
it. The color matching is made in diffused sunlight 
or with a frosted electric lamp of filament type. See 
“Determination of Carbon in Steel,” page 150. 

4. Julian Tubes.— Figure 5. These tubes are similar to Eggertz 
tubes, except that they arc bent at an obtuse angle at the top cnrl and 
are not graduated over the lower portion. The bent upper end per- 
mits mixing of the contents of the tube without the 
use of a stopper or a mi.xing plunger. The tubes arc 
graduated to tenths of a cubic centimeter. The same 
care as to uniformity of diameter, transparency, absence 
of flaws, etc., must be taken as in selecting tubing for 
Eggertz tubes. For detailed specifications recommended 
by Johnson ’ for tubes to be used in the estimation of 
carbon in steel see page 150. 

In comparing colors, Julian tubes may be used in 
a color camera or held against a sheet of white paper 
as directed above. 

6. Hehner Cylinders. —Figure 6. Hchner cylinders 
are used in pairs and arc the simplest form of ap- 
paratus employed in matching colors by the balancing 
method. Each cylinder has a glass stopcock about 2.5 cm. from 
the bottom through which liquid may be drawn ofT until the color in 

1 Chemical Analysis of Special Steels, Steel-Making Alloys, Their Ores and Graphites, 
p. 307. John Wiley & Sons, New York, 1930. 
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the two cylinders is the same in intensity when viewed vertically. 
The cylinders should have flat, carefully ground and polished 


bottoms of clear glass, and should be uni- 
fonn in bore. They are graduated at 1 cc. 
intervals and should have a capacity of 
100 cc. 

Whitson 2 modifies the Hehner cylinder 
into a simple type of colorimeter. To the 
side delivery tube near the bottom he con- 
nects a sliding reservoir by means of a piece 
of rubber tubing of convenient length. This 
permits quickly changing the length of the 
standard colorimetric solution. The sample 



Fig. 6.— Hehner Cylinders 


solution is placed in a cylinder of the same dimensions as the one 


containing the standard, but it need not have a side delivery tube. 


Both tubes are mounted in a suitably constructed camera. The use 



of a camera is not necessary unless the highest 
degree of accuracy is required. 

6. Color Camera.— Figure 7. The colori- 
metric color camera is essentially a long, narrow 
box, painted dull black inside, and carrying 
holders for two glass tubes near one end and 
having the other end shaped to fit the face of 
the observer so that no side light may enter. 
The end near the tubes is covered with a piece 
of ground glass so as to give a uniformly diffused 
light. A light blue glass is sometimes prefer- 


Fig. 7.— Color Camera able to a white glass. 


COLORIMETERS 

7. Steiger Colorimeter.— Figure 8. The construction and use of 
the Steiger Colorimeter is described by Steiger'*^ as folfows: 

Instruments using the principle upon which this one is based — the 
ratio of the thickness of the liquid through, and not the actual dilution 
to equal concentrations— are not applicable to all colorimetric deter- 

^ Bull. 85, Wise. Agr. Expt. Station; see also, Schreiner and Ferris, J. Am. Chem. 
Soc., 26, 961 (1904). 

* J. Am. Chem. Soc., 30, 215 (1908); also Bulletin 700, U. S. Geological Survey, p. 
37 (1919). 
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minations. It will be found, in comparing such a solution as is used 
in the colorimetric determination of manganese and some other sub- 
stances, that there is a change not only of the intensity of the color, 
but also of the color itself, making it impossible to find a point at which 
two solutions of different concentrations will have the same depth of 
tint. In some other cases, as for instance, the yellow color of the 
higher titanium salts, this principle gives perfect satisfaction. 

The instrument to be described consists of two wooden boxes, the 
interior portions of which are finished in dead black. In Fig. 8 (a), 



A A is a piece of finely ground glass, and this should be illuminated 
with the full light of the sky. jB is a mirror mounted to swing so that 
light may be thrown perpendicularly through the hole C. 

The second portion of the apparatus consists of a box, as shown 
in Fig. 8 {h), made with two parallel grooves in the bottom, in which 
the two glass cells CC can be moved back and forth, and the hole 
which admits light reflected by the mirror B of Fig. 8 {a). These 
cells are about 15 cm. long, 2.5 cm. wide, and 5 cm. deep. On the 
bottom of each cell and near the outside edge is engraved a scale, a 
convenient unit for which is the millimeter. FF are glass tubes with 
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mirrors, GG, attached to the lower ends at an angle of 45°. These 
tubes may be lifted up when it is desired to remove the cells; they 
may also be removed entirely from the clips RR for cleaning purposes, 
but they should be pushed down when in use so that the lower edges 
of the mirrors touch the bottoms of the cells. When ready for use 
this box is placed in the space marked Z)Z), Fig. 8 (a). Care should be 
taken to place the mirrors at an exact angle of 45°. 

Under these conditions, in each cell, all light coming through the 
bottom of the cell and reflected through the end K will go through the 
same thickness of liquid, and if the mirror were a reflecting surface 
coming in direct contact with the liquid this distance would be repre- 
sented by the line OP, Fig. 8 (c). There is a small error here, due to 
the converging of the ra’^s to the eye; this is so slight, however, as 
not to cause any perceptiole uneven illumination. 

The mirrors being made of ordinary looking glass, the reflecting 
surface will be the upper side GIIG, Fig. 8 (c), and the light must go 
through the glass of the mirror before striking the reflecting surface, 
and the same on leaving. The distance which the light travels through 
the glass of the mirror will be represented by twice the length of the 
hypotenuse of an isosceles right-angle triangle, the equal sides of 
which are each equal to the thickness of the glass, and must be deducted 
from the length OP. 

A ray of light entering the glass at the point marked N will travel 
to h and then be reflected to t. From / to w it will go through the 
colorimetric solution, and this distance is therefore the length to be 
measured. A point, H, is marked on the mirror near the outer edge, 
so that it may be seen in the same line of vision as the scale on the 
bottom of the cell, and perpendicularly above t. In looking through 
the end K, this mark will be recorded at the point f directly below it 
on the scale, and t'P being the same as Iw, the distance desired can be 
read ofl. The position of the point H is determined by measuring off, 
on the back of the mirror, a distance from the lower *edge equivalent 
to three times the thickness of the glass. It may be convenient, if 
thin looking glass has been used, to have this point farther up on the 
mirror {W), in order that it may be seen more plainly, but if so moved 
an addition must be made to the observed reading equivalent to one 
of the sides adjacent to the right angle of an isosceles right-angle 
triangle, the hypotenuse of which is equal to the distance this point 
has been removed from H. It is convenient in making the graduation 
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on the cell to allow for this correction. The reading can then be 
made directly. 

Glass cells to answer the purpose may be had of any of the large 
supply houses, but not graduated; the graduation must be done in the 
laboratory. The supports FF can be made of rather heavy walled 
glass tubing, about 1 cm. outside diameter. 

The mirrors are made of a good grade of looking glass, the lower 
and top edges blackened, and cemented to the ground ends of the 
glass tubes with Canada balsam, after which the backs are coated 
with paraffin. Paraffin answers well as a coating for a large number 
of colorimetric solutions. In case a liquid is to be used which attacks 
paraffin, a substitute must be employed which is unaffected by the 
liquid in question It will be found necessary to replace the mirrors 
from time to time, as it is not possible so to protect the silvered surfaces 
as to prevent the gradual eating in from the edges by the various 
solutions used. 

The comparison is made by pouring a solution of known strength 
into one of the cells. The unknown solution made up to a definite 
volume is put into the other. The left-hand cell is then placed at a 
convenient point, which should be determined by the depth of color 
of the solutions it contains. The right-hand cell is then moved back 
and forth till, on looking in the end M of the apparatus, Fig. 8 (a), 
the two mirrors appear to be of the same shade. 

The strengths of the two colorimetric solutions being inversely 
proportional to the thickness of the liquids looked through, by sub- 
stituting in the Mowing equation the amount of the material to be 
determined may be found. 

Let R equal the reading of the cell containing the known solution 
with a concentration C, and r the reading of the cell containing the 
unknown solution, which has a concentration c, then 

r 

8. Schreiner Colorimeter. —Figure 9. The Schreiner Colorimeter^ 
is essentially a pair of graduated glass tubes, one for the standard 
solution and the other for the sample solution, the heights of 
the columns of liquid in each being changed by means of two smaller 
immersion glass tubes. For convenience in making an accurate 

* J. Am, Chem. Soc., 27, 1 192 ( 1905 ); also Bulletin 31, U. S. Dept, of Agri., Bur. Soils. 
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color matching, a reflector is placed at the bottom to reflect the light 
up through the tubes, and a mirror placed at the top to receive the 
color image. The mirror is fastened into one end of a wooden box 
and is viewed by the observer at the opposite end. All the parts of 
the apparatus that come in con- 


tact with solutions are made of 
glass. 

The immersion tubes A (Fig. 

9) are 26 cm. long and about 2 
cm. in diameter. The top ends 
of the tubes are mounted in 
wooden blocks which fit into 
grooves on the body of the 
colorimeter. This arrangement 
permits easy removal of the 
tubes for cleaning. Tubes B are 
also 26 cm. long but have a 
diameter of about 3 cm. These 
tubes are graduated into divi- 
sions 2 mm. apart and on the 
reverse side have marks at 50 cc. 
and 100 cc. for convenience in 
making solutions up to a definite 
volume. The B tubes are sup- 
ported by a block of wood about 
midway of the camera and are 
held in position by brass springs 
or clamps, C. The tension of 
the clamps is adjusted so that the 
tubes may be moved freely up 
and down by hand and yet be 
firmly held in position when the 
setting is made. The bottoms of 
both the A tubes and the B tubes must be flat and the glass well 
ground and polished. The openings to the A tubes may be covered 
with a microscope slide to keep out dust. The reflector D carries a 
sheet of white cardboard or opal glass. From D the light passes up 
through the tubes, strikes the mirror 7?, and is reflected to the 
eye of the observer at F. The mirror should be of colorless 
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glass and without flaws. The approximate dimensions of the camera 
are 70X32X16 cm. 

In carrying out a comparison the sample solution is diluted to a 
definite volume and poured into one of the tubes. The latter is then 
put in place in the camera and adjusted to a suitable height, say at the 
50 scale division. The standard solution is poured into the other 
tube, the latter put in position in the camera and moved up and down 
until its image in the mirror is the same in intensity of color as that 
of the sample solution. The two solutions are then said to be balanced. 
Ihe setting of the standard is read off the graduated tube by noting 
the scale division that coincides with the ground bottom of the immer- 
sion tube. This reading gives the height of the column of the standard 
solution which has the same intensity of color as the column of sample 
solution. It follows that the strengths of the two solutions are 
inversely proportional to the heights of the columns, i.e., to the scale 
readings. If we denote the reading of the standard solution by R, 
its strength by S, and denote the reading of the sample solution by r 
and its unknown strength by then 


r 

This formula, of course, also applies if the standard solution is 
fixed at a convenient reading and the sample solution moved up and 
down until the two color images have the same intensity. 

It is sometimes more convenient (especially if the standard solu- 
tion deteriorates fairly rapidly) to use standardized glass slides in 
place of a standard solution. The standardized colored glass slide is 
inserted at G below one of the immersion tubes in place of the standard 
solution tube. The immersion tube is retained so that the two images 
will be similar when viewed through the observation box at F, The 
constant C for the glass slide is obtained from the formula, 

C = RS, 

where R is the scale reading for the standard of strength S. 

Simple colors can sometimes be used but usually a combination 
of colors is necessary to give the required tint of color. A series of 
slides of different intensities, but bearing a simple relation to each other, 
should be available. Such a scries makes it possible to measure both 
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weak and strong solutions. The strength ^ of the sample solution, 
when measured against a standard slide, is obtained by the formula 

C 

r 

where C is the constant above mentioned and r is the scale reading 
of the sample solution. 

Note.— The specifications of the U. S. Bureau of Soils for the 
glass parts of the Schreiner colorimeter are as follows: “ The measuring 
colorimeter tubes are to be 26 cm. long, with inside diameter as nearly 
as practicable 27 mm.; in no case less than 25 mm., and not greater 
than 29 mm. The glass is to be colorless and the bottoms well ground 
and polished, with the internal surfaces of the bottoms plane, in no 
case appreciably convex or concave; the bottoms to be ground down 
sufficiently so as to make the ground surfaces a little larger than the 
internal diameters of the tubes, each of the tubes to be provided with 
an etched scale of 100 two-millimeter divisions. The scale is to begin 
at the level of the inner surface at the bottom, the length of the marks 
being 6 mm., and every fifth mark 12 mm., numbering every tenth 
mark, on the right side, 10, 20, 30, etc., beginning at the bottom. On 
the reverse side of each measuring tube there arc to be etched two 
capacity marks, one for 50 cc., and the other for 100 cc. The smaller 
tubes arc likewise 26 cm. long, with outside diameter not greater than 
20 mm., and not less than 18 mm., with the thickness of the glass the 
same in all the tubes. The bottoms of these tubes are to be carefully 
ground and polished and the inside of the bottom never sensibly con- 
vex or concave. They must be of colorless glass with the bottoms so 
ground that the diameter of the ground portion exceeds the internal 
diameter of the tube. These tubes are to be provided with neither 
scale nor capacity marks.” 

9. Kennicott-Campbell-Hurley Colorimeter.— Figures 10 and 11. 

Like the Schreiner Colorimeter, the Kennicott-Campbell-Hurley^’ is 
a colorimeter for general use, is simple in construction and operation, 
and gives accurate readings. Essentially this colorimeter consists of 
two glass comparison tubes, one of which is attached by means of a 
glass tube to a glass cylindrical reservoir carrying a glass plunger. 

® Schreiner, he. cit, 

•Kennicott and Sargent, Chem. Engineer, 5, 213 (1906-07); Campbell and Hurley, 
J. Am. Chem. Soc., 33, 1112 (1911); cj. Smeaton, ibid., 28, 1433 (1906). 
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By lowering or raising the plunger the level of the liquid in the tube is 
adjusted until its color is the same in intensity as that of the liquid 
in the other tube. The colors are matched by observing their images 
in two mirrors arranged so that the observer sees a single circular field 
divided vertically, one-half the field coming from one tube and the 
other half from the other tube. (See Fig. 10.) When the intensities 

of the two halves are the same, 
the dividing line is almost im- 
perceptible. 

Figure 11 shows diagram- 
matically the essential features 
of construction of the Kennicott- 
Sargent colorimeter as modified 
by Campbell and Hurley. The 
following is their description of 
the apparatus : " 

The unknown solution is 
placed in the left-hand tube A 
which is 19 cm. long, 3 cm. in 
diameter, and graduated for 15 
cm. The standanl solution is 
placed in the right-hand tube B 
which is the same size as A , the 
graduated portion being divided 
into 100 divisions of 1.5 mm. 
each. The tube B is perma- 
nently connected by a glass tube with the reservoir C in which the 
glass plunger D works, so that the level of the liquid in B can 
be readily controlled by raising or lowering the plunger. As the 
tube B and reservoir C are made in one piece, the liquid used 
for the standard solution comes in contact with glass only, thus pre- 
venting any possibility of chemical change due to contact with the 
container. The plunger is provided with a rubber collar, E, so placed 
as to prevent the plunger from accidentally striking and breaking the 
bottom of the reservoir. The tubes A and B, with the connecting 
reservoir, rest on wooden supports, the one under A and B being pro- 
vided with holes for the passage of the light, and are held in position by 
spring clips, FF. This arrangement allows the glass parts to be 

^ Loc. cil. 



Fig. lO.—Kcnnicott-Campbcll-Hurley 
Colorimeter 
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readily removed for cleaning and filling. The light for illuminating 
the solution is reflected upward through the tubes A and B by means 
of the adjustable mirror G. The best results are obtained by facing 
the colorimeter toward a north window in order to get reflected sky- 



light through the tubes, care being taken to avoid light reflected from 
adjacent objects. The black wooden back of the colorimeter serves 
the double purpose of a support for the parts of the instrument and of a 
screen, as it is interposed between the color tubes and the source of 
light. 

The light passing upward through the tubes A and B impinges on 
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the two mirrors, E and /, cemented to brass plates sliding in grooves 
cut at an angle of 45° in the sides of the wooden box, J. This box is 
supplied with a loose-fitting cover, thus allowing easy access for the 
purpose of removing and cleaning the mirrors. The mirror, //, is 
cut vertically and cemented in such a position as to reflect one-half 
of the circular field of light coming through the tube A. The light 
passing upward through B is reflected horizontally by the mirror /, 
through a hole in the brass plate supporting the mirror U. One-half 
of the circular field of light from the tube B is cut off by the mirror //, 
the vertical edge of which acts as a dividing line between the two halves 
of the circular field. The image of one-half of the tube B is then 
observed in juxtaposition to the opposite half of the image of the tube A . 

The juxtaposed images are observed through a tube, /v, 2.5 cm. in 
diameter and 16 cm. long, lined with black felt and provided with an 
eyepiece having a hole 1.5 mm. in diameter. At the point M in 
the tube K is placed a diaphragm having an aperture 8 mm. in 
diameter. All parts inside the box J except the mirrors arc painted 
black so that no light except that coming through the tubes A and B 
passes through the tube A'. By having the apertures in the eyepiece 
and diaphragm properly proportioned only the image of the bottoms of 
the tubes A and B can be seen, thus preventing interference of light 
reflected from the vertical sides of the tubes A and B. 

A person looking through the eyepiece observes a single circular 
field divided vertically by an almost imperceptible line when the two 
solutions are of the same intensity. By manipulating the plunger Z), 
the level of the liquid in B can be easily raised or lowered, thus causing 
the right half of the image to assume a darker or lighter shade at will. 
In matching colors with an ascending column in B, that is, gradually 
deepening the color of the right half of the field, the usual tendency is 
to stop a little below the true reading while in a comparison with a 
descending column the opposite is the case. In making a comparison, 
therefore, sevefal readings with an ascending column and several with 
a descending column should be made and an average of all readings 
taken. 

10. Nessler Tube Colorimeter.®— Figures 12 and 13. This 
colorimeter is similar to the Kcnnicott-Campbell-Hurley Colorim- 
eter, a series of Nessler tubes and a rack replacing the stand carrying 
the two comparison cylinders and reservoir tube in the latter appara- 

» J. H. Yoe, Ind. Eng.-Chem. 19, 1131 (1927). 
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tus. The light (north sky) is reflected by a small mirror placed on the 
rack at an angle, just below the “unknown” and comparison tubes. 
The mirror serves better than the white glass plate reflector of the 
Nessler rack when the sky is the source of light but not when a colorim- 
eter lamp is used. The light passes upward through the Nessler 
tubes, impinges on the two mirrors A and B (Fig. 13) which arc fast- 
ened to the wooden box at an angle of 45°, and is reflected horizontally 
through the metal observation tube. One-half of the circular field of 
light from the right-hand tube is cut off by mirror A , the vertical edge 
of which serves as a dividing line between the two halves of the cir- 



Fig. 12.-“NessIer Tube Colorimeter 


cular field. The image of one-half of the right-hand tube is then 
observed in juxtaposition to the opposite half of the image of the left- 
hand tube. The juxtaposed images are observed through a thin metal 
tube, 170 mm. long and 25 mm. in diameter, painted dull black inside 
and out and provided with an eyepiece having a hole 1.5 mm. in 
diameter. At the other end of the tube is a diaphnigm having an 
aperture 8 mm. in diameter. By having the apertures in the eye- 
piece and diaphragm properly proportioned, only the image of the bot- 
toms of the Nessler tubes can be seen, thus preventing interference 
of light reflected from the vertical sides of the tubes. Upon looking 
through the eyepiece the observer sees a single circular field, divided 
by an almost imperceptible line when the two solutions have the same 
intensity. 
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The colorimeter is attached to the Nessler rack by means of a 
metal tube support which slides snugly down over a vertical rod 
securely fastened to the rack. By this arrangement the colorimeter 
may be quickly and easily raised and turned on its horizontal axis, 
thus permitting interchanging the Nessler tubes in the series of 
standard solutions until a match with the ‘‘unknown” is obtained. 
In practice, the approximate match is first obtained in the usual way 
by looking down vertically through the tubes in the rack and the final 
match made by swinging the colorimeter into place. 


''Observation Tube 




1.5 m. m. Hole 


8 m. m. Hole' 


Metal Support- 

Dull Black Finish, Inside and Outside 
Dimensions of: — 

Box Outside Inside 

Length... 131 m. m 116 m. m. 

Width 55 m. m 39 m. m. 

Depth ^49 m. m 38 m. m. 

Observation Tube 

Length. __ 170 m. m. 

Diam 25.4 m. m. (Inside) 

Nessler Receiving Tubes 

Length 38 m. m. 

Diam 25.4 m. m. (Inside) 


^Wooden Box 


32 X 19 m. m. Mirror A 
/ 32 X 35 m. m. Mirror B 



Nessler Tubes 


Ek;. 13. — Nessler Tube Colorimeter 


The colorimeter box is painted dull black inside and out. It is 
fitted with a removable cover, which permits easy access to the mirrors 
for the purpose of adjusting and cleaning. 

A screen (not shown in the figures) made of a piece of stiff card- 
board and painted dull black may be interposed between the Nessler 
tubes and the source of light. The use of a colorimeter lamp is helpful 
and is recommended if the highest precision of matching is required. 

11. Bock-Benedict Colorimeter (Improved Model). ^ -Figure 14. 
The Bock-Benedict is a new form of colorimeter of simple construction 
and moderate price. It was designed particularly for biochemistry. 
The instrument is light and, at the same time, is well balanced. Its 
® J. Biol. Chem., 35, 227 (1918), Fully describes the first model. 
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large spreading base makes accidental upsetting very didicult. It 
yields the same light field and the sharp color change of the Duboscq 
instrument and its readings are as rapidly and as accurately made. 


A H 



Fig. 14. — Bock-Bcncdicl Colorimeter 

In the Bock-Benedict colorimeter the expensive pair of parallele- 
pipeds forming the main part of the optical system in the Duboscq 
colorimeters is replaced by two mirrors, 11 M and FM. One of these 
: mirrors (//M) reflects the light from the unknown solution, and the 
other {FM) the light from the standard solution, into the observation 
tube A . The illuminating mirror R is made by plating finely ground 
glass. Such a mirror prevents direct reflection of objects being visible 
h the reflecting mirrors FM and II M. The illuminating mirror R 
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throws the light into the reflecting mirrors FM and IlM. Mirror EM 
is so arranged as to take up half (left) of the held of vision in the obser- 
vation tube A and is placed over the plunger P, giving a reflection of 
color in the unknown solution which is contained in the movable cup C. 
Mirror FM is arranged so as to take up the other half (right) of the 
field of vision in the observation tube A and is placed over the plunger 
(), giving a reflection of color in the standard solution which is con- 
tained in the movable cup S. The top piece of the apparatus contain- 
ing mirrors FM and HM is covered by a removable housing, which 
protects the mirrors from corrosion. 

Before using the colorimeter, or a new cup, it is always advisable 
to check the instrument to insure accuracy. This is carried out as 
follows: The cup is run up until its bottom and the bottom of the 
plunger meet. See if the vernier on the scales reads zero. If not, 
run the cup down again and loosen the set screw. Pull the plunger 
down a millimeter or two and then run the cup slowly up again, while 
closely observing the vernier and scale. As soon as the vernier has 
met the zero-pointy tighten the set screw of the plunger and the instru- 
ment is properly set. 

In order to use the colorimeter, put both cups in place and raise 
them until each just meets the bottom of its plunger. Then look 
through the observation tube A and move the large reflector R until 
both halves of the field are exactly equal. Now put the standard 
solution in cup S and the unknown solution in cup C. Set cup C at 
the desired height and move cup S slowly up and down by means of 
pinion wheel until both halves of the field appear the same. Read the 
scale. Make several readings and Bike the average. A magnifying 
lens attached in front of the scale assists in making a rapid and accu- 
rate reading. All readings must be made with the housing E in place. 

12. Kober Colorimeter.’^— Until the World War, the only 
accurate instrument of the plunger type was that of the French 
Duboscq make: The supply of these in the United States was soon 
exhausted and the War prevented further importations. Kober, who 
in 1912 was the first to show that nephclometry was a means of analysis 
and similar to colorimetry, found that the plunger type of colorimetrer 
with a few accessories made an excellent nephelometer, but, owing to 
the scarcity of Duboscq instruments, was forced to enter into the man- 
ufacture of plunger instruments in order to supply the demand in the 
J. Biol. Chem., 29, 155 (1917); ibid., 47, 19 (1921). 
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United States. In spite of difficulties — two larger optical instrument 
manufacturers refused cooperation; two smaller companies proved 
incompetent — Kober had developed the manufacture of his instru- 
ment so that an ample supply of instruments was available for the 
U. S. Army, when the United States entered the War in 1917. 

Kober succeeded in improving the plunger type in several respects. 
He considered the colorimeter (also nephelometcr) as a light balance, 
which he found theoretically, and also in actual practice, was like the 
most sensitive gravimetric balances in that it was impossible to keep 
both sides in perfect equilibrium without frequent adjustment. 
Mechanical disturbance, temperature, dust, light distribution, personal 
variations in the observer, etc., all served to m^ike the unadjustable 
Duboscq instrument less accurate. To make these adjustments 
convenient, Kober in his instrument provided adjustable scales and 
verniers, and adjustable or so-called split reflectors. In addition to 
these improvements a hollow glass plunger was substituted for the solid 
glass plunger of the Duboscq, as the latter showed appreciable absorp- 
tion of light. Mechanical improvement resulted in putting the lower- 
ing and raising mechanism behind the instrument to prevent sources 
of error due to stray reflections. Recognizing that in the use of optical 
instruments, the convenience of the operator and sparing him useless 
or unnecessary efforts, both mechanical and optical, would result in 
greater accuracy, especially in repeated and routine determinations, 
Kober introduced into his instrument the so-called “ top ” reader, ^ ' the 
use of a double-milled head for rough and fine adjustment, and the 
elimination of glare which, falling upon the observer’s eyes while he is 
using the instrument, causes destruction of eye-sensitivity. 

One of the Kober instruments, which embodies these improve- 
ments, is described as follows: (1) The milled heads formerly at the 
top of the instrument, are placed at the bottom, which allows the hands 
to rest on the table or other support and the adjustments to be made 
with the fingers (shown in Fig. 15). (2) An auxiliary scale is provided 
at the top of the instrument, consisting of the following parts: two 
scales engraved upon the side away from the operator, fastened to 
the movable stages, so that when the stage is being moved up or down, 
the scales move with it; a stationary vernier, protruding beyond the 
top plate, also engraved upon the side away from the operator, fast- 
ened to the top of the instrument. A mirror facing the operator at 
" Made with the assistance of Robert E. Klett. 
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an angle of 45 degrees is placed in front of the protruding scale and 
vernier, so that an image of the two is reflected vertically. A magni- 
fying glass of the same focal length as the telescope, serving as a second 
eyepiece, has been placed close beside the regular eyepiece, directly 

above the mirror, showing the image 
of the scale enlarged in good light. 

Figure 15 shows the entire in- 
strument without the lamp house. 

In Fig. 16 arc shown the fields 
that arc observed through the two 
eyepieces. The ease of reading the 
scale is apparent. 

In Figure 17 is shown the con- 
struction of the auxiliary scale. 
T'his auxiliary scale is engraved to 
60 mm. but with the vernier is 
readable to only 50 mm., which is 
ample for most work. If heights 
above 50 mm. are to be measured, 
the original vernier can be used. 
The setting of the zero-point is 
easily and accurately accomplished 
with a micrometer arrangement, as 
may be seen at A, by a milled head 
working against a spring. This 
convenient method of zero-point 
adjustment, together with the very 
simple method of using the instru- 
ment, the method of Lamb, Carleton 
and Meldrum (see Vol. II), where 
mirror at the top of the instrument; (6) Ibc height of thc standard solution 
the micrometer adjustment of the zero- (S) is kept constant, makes the 

and W the milled heads opnratin» op^atioil of the instrument and 
the cups at thc bottom of the mstrument. , , . 

calculation of results extremely 
simple and easy, without, however, sacrificing accuracy or deviating 
from the fundamental basis of cither colorimetry or nephelom- 
etry. 

In Fig. 18 is shown the instrument attached to a lamp 
house. 



Fig. 15.— View of the Kober instrument 
(1921) without the lamp house, showing? 
(a) the two eyepieces, the scale, and the 
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13. Kober Precision Colorimeter-Nephelometer.^^— This instru- 
ment is designed for routine and scientific routine precision work. 
The lowering and raising of the cups is accomplished by means of a 
hydraulic system, which permits the use of an automatic scale reader. 

VV This reader gives the millimeter 

H and fractions of a millimeter 

directly in figures, eliminating 
the reading of the verniers for 
routine and other repeated 
measurements. This approxi- 
mately decreases the amount of 

vertical milli- 
meter scale and verniers arc also 
l provided for the purpose of 
9 standardizing, and checking 
the The 

construction and mechanism 
are such that maximum solidity 
and freedom of vibration is 
obtained. The knobs regulat- 
ing the mirrors are placed in 
the back of the instrument so 
that the accidental displace- 
nient of the mirrors while 
making the measurements is 

„ ,, , „ , . - ... XT i- made practically impossible. 

tiG. IQ. — Kober Precision Colorimcter-Neph- i ^ 

elomcter. View of back of instrument. The plungers and CUps 
Shows the knurled knobs on the side of the in this instrument are sepa- 
base for tlie vertical movement of the cups. ^ minimum of 

Also knobs on the top of the base for adjusting , i , 

II, e re/lectors. Vcftical millimeter scales and horizontal distance, requiring 
verniers on the back of the instrument and therefore for either Colorimetry 
automatic scale readers on the top of the base qj- iicphclomctry a very small 
are shown roughly. r v i , 

cone of light. 

14. Duboscq Colorimeter. Bausch & Lomb Model— The frame, 
A (see Fig. 21), of the instrument, consisting of base and upright, to 


'*The complete details of this instrument will be published in a future scientific journal 
article. The instrument and all accessories are manufactured by the Precision Scientific 
Company, Chicago, 111. 
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which are attached the various components of the optical system, is 
made of heavy iron castings, so constructed as to provide for stability 
and permanent alignment of the optics. 

The mirror, B, which is adjustable about a horizontal axis, is pro- 
vided with two reflecting surfaces, one a plane silvered mirror, and the 
other a plate of fine ground _ 

opal glass which reflects light 
► diffusely. These plates are 
cemented in a metal frame by 
means of a specially prepared 
acid- and alkali-proof composi- 
tion, so that liquids which arc 
accidentally spilled on the mir- 
ror cannot penetrate to, and 
cause deterioration of, its sil- 
vered surface. The single 
mirror of suitable size assures 
equal intensity of light for 
both tubes. 

The two movable cups, C 
and C, for holding the liquids 
under examination, consist of 
thick-walled cylinders of glass. 

These cylinders fit into tubes 
of brass, threaded at the lower 
end so that, by means of a 
metal screw cap, a plane glass 
plate may be forced firmly 
against the glass cylinders, Eig. 20. — Kober Precision Colorimcter-Neph- 
whosc ends are finely ground, ^l‘>meter. View of front of instrument. Shows 

in such a manner as to secure adjustable spin mirrors, movable 
platforms and cups, hollow plungers, prism 
a water-tight joint. A rubber house and cyjpicce. 

washer is placed between the 

glass plate and the shoulder of the metal screw cap for the purpose of 
equalizing the pressure and preventing the possibility of breakage. 
The plate, which forms the bottom of the cup, is made of optical glass 
having plane parallel surfaces. The metal sleeves, which surround 
the glass cylinders, are slotted so that the height of the liquid in the 
cups may be observed readily. All parts of the cups are interchano^e- 




34 


COLORIMETRIC APPARATUS 


able. The tube may conveniently be shaded by turning the single slot 
to the rear. 

The design of these cups is the result of suggestions made by Dr. 
Folin, of the Harvard Medical School. He has also contributed other 
valuable ideas in the present improved model of this instrument. 
The caps can be thoroughly and easily cleaned, and in the event of 
breakage of glass parts replacements can be made without inconveni- 
ence or delay, as extra glass cylinders and plates may be secured for 
such an emergency. 

The cups may be raised and lowered by turning the milled heads, 
D and D\ each of which actuates a rack and pinion. The slides, along 
which the motion takes place, insure easy and accurate settings. The 
pinions and operating heads are always in a fixed location, so that the 
observer’s readings are controlled only by observation and not by the 
position of the pinion heads, thus tending to eliminate the personal 
equation in this detail. 

Two solid glass plungers of optical glass, matched for color and 
having optically plane and parallel ends, are attached to the frame of 
the instrument by means of metal adapters into which they are firmly 
cemented. They are located in a fixed position in the axis of the 
instrument, which passes through the centers of the cups. Any injury 
to cups or plungers, which might be caused by bringing them violently 
together, is prevented by means of two adjustable stops, which 
determine the highest position to which the movable cups can be 
raised. 

The scales S and 5' (sec Fig. 2l) are etched on glass and read b}^ 
transmitted light coming from the source of illumination of the colorim- 
eter. A right-angle prism mounted in the back of the stand reflects 
the light from scales into a vertical path so that a very slight move- 
ment of the head from the eyepoint position brings the scale and vernier 
into view. A lens mounted above the prism assists by magnifying the 
scale and vernier so that reading is easily accomplished from the eye- 
point. With the plunger and cups in contact the vernier is adjusted 
to read zero by means of a thumb screw on the back, K (Fig. 22). 

The eyepiece or coincidence prism, which is located between 
the plungers and the observing microscope, consists of two rhom- 
boids. The function of this prism is to bring to a common center, 
or axis, the light which passes through the two sets of cups and plungers, 
so that the intensities of the two beams may be observed in two adja- 




Fig. 21.-B. & L. Duboscq Colorimeter. Fig. 22.~B. & L. Dub<»scq Colorimeter. 


heads with finger grip to hold it in place on its supporting plate. In 
this way the specific parts of the prism which might require cleaning 
can be exposed for such attention. 

The dividing line separating the halves of the field of the 
instrument as viewed through the observdng microscope, is formed 
by adjacent ends of the rhombohedral prism, on which two 



36 


COLORIMETRIC APPARATUS 


narrow surfaces have been polished in order to obtain close contact 
and a thin smooth line. The field of view of the observing microscope 
appears as a circle, divided into halves by the dividing line. On 
account of the inversion caused by this microscope, the light which 
illuminates the right semi-circle thus formed has passed through the 
left beaker, plunger and prism, while that illuminating the left semi- 
circle has passed in a like manner through the right beaker, plunger 
and prism. In this manner is formed what is essentially a photometric 
field, by means of which comparisons of intensities may be accurately 
made, the principle of the instrument being based on the adjustment 
of the depth of the liquids in the cups, so that the appearance of the 
two adjacent halves of the field is identical. In other words, when 
the two halves arc matched, the concentrations of the two solutions in 
the beakers arc inversely proportional to the depth, read directly from 
scales in the rear of the instrument, of the liquids between the lower 
surface of the plungers and the bottom of the cups. 

The observing microscope consists of an eyepiece and an erecting 
system. The purpose of the erecting system is to permit the intro- 
duction of diaphragms to act as limiting apertures, by means of which 
a correct passage of light rays through the instrument, an evenly 
illuminated field, and an absence of disturbing reflections are brought 
iibout. 

A sliding cover is provided for the purpose of shutting off all 
extraneous light which might in some cases affect the setting. It also 
serves to protect the cups and plungers when the instrument is not in 
use. 

To test the adjustment of the instrument make sure that the bot- 
toms of the cups are in contact with the lower ends of the plungers at 
the zero position of the scales. If this condition has not been ful- 
filled, make the necessary adjustment of the stops, as well as of 
the verniers. It is to be noted in this connection that the posi- 
tion of the bottom of the cylinder with respect to the lower surface of 
the plunger may be slightly varied by tightening or loosening the screw 
cap which forces the rubber washer against it. 

Care should be exercised not to scratch the lower surface of the 
plunger by rubbing the cover glass against it under pressure. In 
order to obviate all danger of damage to the surfaces of both, it is 
jidvisable to place a thin piece of tissue paper between them while 
this adjustment is being made. 
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Rack the cups, C and C', down to their lowest position, and remove 
them from the instrument, taking care that they do not strike the glass 
Dlungers. 

Turn the entire instrument toward an even, ample source of light, 
preferably diffuse daylight, or very white artificial light, and, while 
looking through the eyepiece, adjust the instrument and the mirror so 
that the two halves of the field appear of the same color and of equal 
brightness. 

Pour a small quantity of “ known ” solution into one of the cups, 
and into the other cup some of the “ unknown” solution. The cups 
should be not more than half filled with liquid, to avoid the danger of 
forcing some of the liquid over the top of the cup and causing it to spill 
on to the mirror or into the working parts of the instrument. If it 
should appear desirable to use a greater depth of liquid on account of 
faint coloration, care should be taken not to force liquid over the top of 
the cup. 

Replace the cups in the instrument, and raise them by means of the 
racks and pinions until the lower ends of the glass plungers are well 
immersed within the liquids. Air bubbles, which in many instances 
are formed under the ends of the plunger, may easily be removed 
by slightly tilting the instrument. Now, while looking through the 
eyepiece, adjust the heights of the cups until an approximate balance is 
obtained on both sides of the field. It is now convenient to set the 
“unknown” liquid so that its depth, as shown on the scale, S', is an 
exact number of millimeters, and then to raise or lower the “ known ” 
liquid until a match is secured, i.c., when both halves of the field appear 
equally bright and identical in color. Readings are now taken by 
means of the vernier on the scale, S, and recorded. To secure results 
of the greatest accuracy it is necessary to take the average of a number 
of independent readings. 

When the two halves of the field arc of the same brightness, the 
color intensilies of the two solutions arc iiwersely proportional to the depth 
of the columns of the two solutions. Let C’l = color intensit}' of the 
known solution; D\ = depth of the known liquid, as read on the 
scale. S’, C2 - color intensity of the unknown solution; D2 = depth 
of the unknown solution. 

Then 


C2 X = Cl X Du 
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C 2 = Jl' 

^ Ih ■ 

The Bausch Lomb Duboscq Colorimeter is made in two sizes 
one pcnmttmK the ex.imination of a column of liquid 50 mm <lecp’ 
the other a column ,00 amt. deep. The latter is' best adapted In 



g " view.) 

Kausch & U, ml, -Dubose, Colorimck-r. E, cymiece Icnsu,- / ,■ 
tr.cuns, 


the measurement of liquids having a faint coloration. In all other 
respects the mstruments are essentially identical. 

Figures 23 and 24 show the itbstrument diagrammatically. 

16 Duboscq Small or Biological Colorimeter. Bausch & Lomb 
Models. -The design of this instrument departs somewhat in external 
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Appearance from the standard Duboscq type. The principle from tlie 
optical standpoint, however, is the same as that of the Duboscq. 

The observing microscope consists of a collective and an eye lens, 
■which do not form an exit pupil, so that a diaphragm near the eye- 
point is necessary to secure an evenly illuminated field and to cut off 
reflections. 

The eyepiece or coincidence prism, the plungers and cups arc of 
the same type cas those used on the Duboscq Colorimeter. Light is 



I'Kj. 25. — Hausch & Lomb Biolopical Colorimeter. Showing instrument with both cups 
adjustable by rack and pinion. 

reflected into the instrument by means of a second surface mirror, 
whose upper face is finely ground. Illumination of a semi-diffuse 
character is obtained by its use. The mirror is cemented in a metal 
frame, adjustable about a horizontal axis, by means of an acid- and 
alkali-proof composition, which affords protection against the cor- 
rosive action, on the silvered surface, of licjuids spilled on it. 

Figure 25 shows the instrument with both cups adjustable by rack 
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and pinion. Fig. 26 shows the Biological Colorimeter with a special 
rotary drum for direct-scale reading. The rotary drum operates th( 
right-hand cup. The scale on the drum is graduated in tenth milli 
meters, making reading from the eyepiece position easy and accurate. 
The index pointer follows the scale groove, thus eliminating any pos- 
sible error in reading. 



Fig, 26 .— liausch & Lomb Biological Colorimeter. With special rotary drum for direct 
scale reading. 


16. Duboscq Colorimeter. E. Leitz Model.— This instrument 
(made in two sizes) is shown in Fig. 27 and its optical system illustrated 
diagrammatically in Fig. 28. 

The rays, which should be derived from a uniform source of light, 
are reflected through two openings in the base of the apparatus, a 
plane mirror being used in the case of daylight, and a filament lamp 
with opal glass bulb in conjunction with a ground glass plate in the 
case of artificial light. The two pencils so admitted traverse two 
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identically similar cups and plungers placed 25 mm. apart, and 
are then made to approach one another in passing through the 
symmetrical Albrecht-Hlifner glass body, so that in the field of 
view they appear separated by a very fine line. When the ()bservcr 
focuses the Ramsden eyepiece above the glass body upon its upper 
edge he sees the field of view divided into two semi-circular half-fields. 
Of these the one on the right is uniformly filled with the light supplied 



Fig. 27 .— Leitz-Uuboscq Colorimeter. 


by the left pencil, whilst the field under the left eye is lit up by the right 
pencil. The two fields, being thus separated by an extremely fine line, 
can be compared with case and accuracy. It is imperative, if an 
exact reading is to result, that the illumination should be absolutely 
identical on both sides. It is to be noted that any soiled patches on 
the plane mirror or the opal plate cannot fail to vitiate this condition. 

The cups which serve to receive the solutions are mounted movably 
on slides. They are in their proper central position when they meet 
the limit stops at the rear. The plungers by means of which the color 
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identity is established in the half-field, can be displaced with the aid of 
rack and pinion motions, by means of which the required depth of 
strata can be set to a nicety. They arc readily removable for the 
purpose of cleaning them, all that is necessary being to release the 
screw unions by which they arc attached to the carrier. No force 
should ever be used when screwing them together. The space con- 
taining the cups and plungers is rendered light-proof by a slider, 
which excludes the access of adventitious light. 
In addition, the space which contains the Albrccht- 
Hiifner prism, and from which projects the 
Ramsden eyepiece only, is enclosed within a 
screw-on cylinder. The latter can be removed 
when it is required to clean the prism. The 
depths of the strata which result from the descent 
and ascent of the plungers can be read off ac- 
curately to 0.1 mm. by means of the scales and 
verniers above the milled heads. The reading of 
the scales is greatly facilitated by the prisms at- 
tached to the verniers. 

After taking the readings the cups and plungers 
should at once be removed and cleaned. dTey 
.should then be replaced and the apparatus 
closed up. 

17. Duboscq Colorimeter. Spencer Model. 
LjiJ Figure 29. This colorimeter is constructed on 

the Duboscq principle, though so many refine- 
ments have been added to the design that the 
prototype is hardly comparable with the present 
development. The cups are of one-piece con- 
struction, the bottom being fu.sed directly to 
the side walls. The plungers are of optical glass 
carefully matched for absorption. Each cup is fastened on its 
pedestal by a very simple locking device so that it cannot become 
dislodged should the instrument accidentally be upset. Both cups 
are adjustable by independent rack and pinion adjustments. The 
depths of the fluids can be measured to O.l mm. The prism 
construction is such that the dividing line, as viewed through 
the eyepiece, is clear cut and shaq:>. This results in considerably 
greater accuracy. By means of reflecting mirrors, not shown in 


1 



Fig. 28. 
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• illustration, the depths of the fluids may be measured from the 
eyepiece position. 

18. Schmidt & Haensch Plunger Colorimeter No. 3a. Duboscq 
System —Figure 30. The plunger colorimeter is built symmetrically 


Fig. 29.— Spencer-Duboscq Colorimeter. 



as far as the two sides are concerned, in regard to both optical and 
mechanical parts. The path of light from a photometric point of 
view is without criticism. 

The height of the layer of liquid on both sides is 60 mm. and the 
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amount of liquid for this height is about 9,3 cc. for each cup. d'he 
exact height of liquid is read oiT with a vernier to 0.1 mm. 

If desired, cells can be furnished for standard solutions with a 
fixed and definite height (50 or 25 mm.) having a screw cover. These 
cells can be put directly in the light path In place of one of the usual 
cups. To restore optical symmetry, both plungers are retained and 



Fig. 30.— Schmidt & Haensch Plunger Colorimeter No. 


a glass IS placed on the unknown side to compensate for the cover glass 
of the cell. 

The field of vision is in two parts, with a line of separation so small 
as to appear almost vanished. The field appears to the eye to have a 
diameter of 18 mm. 'I’hc illumination of both halves is effected from 
t e reflection of a milk-glass plate always in the same position, so 
that equal illumination of both sides is obtained. The illumination of 
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the milk-glass plate is obtained from a light source consisting of an 
Osram-Opal Lamp placed directly in front of the plate or by means of 
an illumination “sphere.” 

To observe the light through filters of complementary colors, a 
revolving disk with light filters can be attached to the eyepiece, or 
a special eye-glass attached with elastics. In the latter any light 
filter can be used. 

If the colorimeter is to be used as a spcctro-pnotometer, a mono- 
chromatic eyepiece is substituted for the magnifying lensc. It is also 
possible to connect the colorimeter to other spectro-photomcters 
which can be used for monochromatic measurements. 

19. Kleinmann Micro-colorimeter.''*- In biological chemical work, 
the estimation of small amounts of substance is sometimes necessary, 
especially where it is necessary to work with small volumes. Xlein- 
mann’s micro-colorimeter is designed to estimate substances in 1 cc. 
of solution. The objection to most micro-colorimeters is that they 
use small depths of solution, thereby decreasing the accuracy. This 
objection is eliminated in Kleinmaim’s instrument by using very 
narrow and tall cups and plungers, approximately of 3.5 mm. diameter 
and 70 mm. depth. 

Description oj Tnstrumenl —Thc instrument is built on the Duboseq 
principle, the optical and mechanical arrangement of both sides being 
perfectly symmetrical, as shown in Fig. 31. 

{a) Optical Construction— The light source may be an electrical 
bulb or illuminated ball, the latter being recommended. The light 
strikes a milk-glass plate, I, which diffuses the light on to two rellecting 
prisms, Pi and P 2 . Figures with subtitle or index 1 refer to parts 
and light beam on one side of the instrument and 2 for the opposite 
side. The light from prism P passes through the solution / in cup F 
through plunger T to a rcllection prism, p, then to a comparatory prism, 
V, through a blender, 0, and then through the ocular or eyepiece 
including diaphragm A and lenses Li, Pj, La, and Li. • The terrestial 
eyepiece with lenses and also the smaller aperture at 0 serves the 
purpose of increasing the length of the eyepiece and an enlargement 
of the field of vision. A and hi and A and ho arc cciuidistant focuses, 
so that the observation of the light path by means of Ic'ns L\ and the 
light at r, a sharp picture of the opening of the diaphragm at A of hi 
and ho is obtained. The size of the opening at A is chosen so that the 
Biochem. Z. 179, 276 ( 1926 ). 
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pictures of hi and //2 are smaller than the diameter of the plunger T 



(3.5 mm.). 

The picture of the field at Gi 
is thrown by means of the ocular 
Li A on 62 and is seen by means 
of the terrestial ocular L 4 at the 
aperture Oi. At the same time a 
picture of the issuing light of the 
colorimeter is produced in the 
aperture which is smaller than the 
aperture O 2 , thus throwing the 
same into the eye of the observer. 
In consequence hi and fe are pic- 
tured in the aperture 0. With the 
adjustable lens Zd which is to be 
sharply focused, one can tell 
whether the surfaces hi and //2 ob- 
struct light by means of dirt or air 
bubbles. For this purpose the 
light from one side is cut off by a 
piece of dark paper or some other 
suitable opaque substance. By 
means of revolving disk Z, color 
filters of yellow, red, green or 
blue may be inserted mto the 
light path. 

{h) Mechanical Construclion. 
—Figures 32 and 33 are pic- 
tures of the instrument. In front 
of the base of the instrument, 
the light ball of Schmidt and 
Haensch is easily attached with 
screws. The interior of the 
white ball carries two bulbs 
which require 4 volts (from 


Fic. 31 . storage cells). This produces a 

uniform, constant and bright 
illumination without disturbing the observer with glares. 

1 he base carries two racks, Sk^ and for moving the cups Ki 
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and K 2 up and down. The racks carrying the pinions, to which is also 
attached the verniers of 0.1 nim., also have, on the side facing the ob- 
server, a millimeter scale. The movable platform contains metal rings 
or collars into which the cups K can be locked and from which they can 
also be easily removed. The cups contain 1 cc. when filled up to the 
mark and 3 cc. when filled to the top. The cups therefore have a 
working depth of between 60 and 70 mm. 4'hc metal clasp of the cups 



Fig. 32.— Kleinmann Micro-colorimeter. 

contains a projection or plug which serves to orient the* cups always in 
the same place. The exact placing of the cups is necessary as the 
light path on .side 1 is displaced 1 mm. from that of 2 in order to secure 
a sharp dividing line in the halves of the field. The cups at their 
lower ends have rubber or leather washers to seal the bottom plates 
or disks. 

The cups and their plungers, T are provided with glass protection 
cylinders, Zi and Z 2 , that arc removable from the instrument by 
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unscrewing. The projection cylinders extend beyond the length of 
the plungers to the bottom of the cups when in zero position. These 
cylinders have at their lower ends at opposite sides two cut-outs 
which pemiit cleaning the plungers, while at the same time the protec- 
tion cylinders prevent the breaking of the very fragile and expensive 
plungers. Another protection to the plungers to prevent their being 
damaged by the cups at zero position is a stop within 1 mm. of zero 

position, which pre- 
vents the cups from 
touching the bottom 
of the plungers. 

The plungers 
and T 2 and the pro- 
tection cylinders Zi 
and Z 2 are arranged 
so that they are 
removed together by 
withdrawing the plate 
S. This permits easy 
cleaning of the plunj,^- 
ers by using the pro- 
tection cylinders as a 
rinsing flask. On re- 
insertion, a projec- 
tion, (j, insures that 
the correct position of 
the plungers is again 
obtained. 

The errors of de- 
termination in using 
this instrument, as given by Kleinmann, are, for solutions of about 
equal concentration, not more than 0.5 per cent for ten readings, 
and, for solutions of a concentration ratio of 1 : 2, for ten readings, 
not above 1.1 per cent. 

20. White Colorimeter.^'^— Figure 34. The White Colorimeter 
consists essentially of two wedge-shaped hollow glass prisms of 
exactly equal dimensions and open at the large end for the introduction 
of the solutions to be tested. The wedges are held in a vertical posi- 
J. Am. Chem. Soc., 34, 659 (1912). 



Fic. 33 . — Kleinmann Micro-colorimeter. 
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^tion side by side in a camera and may be raised or lowered by rack and 
pinion actuated by thumb screws. The prisms are screened from view 
on the side towards the operator except for a narrow horizontal slit 
across the middle of the camera through which the solutions are 
observed when a test is being made. The carriers are graduated to 
correspond to the length of the wedges, the zero of the scale being 
opposite the index when the sharp edge of the wedge is opposite the 
narrow opening in the screen through which the color is observed. 
The screens are adjustable so that the opening may be varied to suit 
the operator. The ground glass 
shutter at the forward end of the 
camera for diffusing the light is 
hinged in the manner of a door to 
facilitate the transfer of the wedges 
to and from the camera. The 
camera is mounted on a stand 
upon which it is free to turn 
in a horizontal plane, which ren- 
ders it unnecessary to lift the 
instrument from its position while 
in use. 

To carry out a determination 
with this instrument it is only neces- 
sary to dissolve and dilute to equal 
volumes equal quantities of the 
standard and of the material to be 
tested. Pour into the wedges con- 
venient amounts of the two solutions, set the wedge containing the 
unknown at the graduation representing the percentage — or some 
multiple of it -of the coloring matter in the standard. Adjust the 
wedge containing the standard until the two agree in color. The per- 
centage of coloring matter in the unknown is then imlicated by the 
reading of the scale on the carrier containing the standard. Vertical 
sections through the two solutions parallel with the line of sight are 
similar triangles, tlie base of each being the thickness of solution at 
the point compared. It follows then that the readings on the gradu- 
ated scales, since they represent the altitudes of these triangles, are 
measures which express the ratio existing between the amounts of 
coloring matter in the two solutions. 



Fig. 34.— White (’olorimeter. 
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COLORIMETRIC APPARATUS 


The White Colorimeter has a number of good features: (1) It is so 
constructed that both eyes are used in making a test; (2) the eyes are 
protected by a camera from side lights; (3) the colored areas com- 
pared are close together; (4) uniform white light is visible around the 
colored spots compared; (5) the operator cannot see the graduated 
scales while making a comparison and, therefore, cannot be influenced 
by preconceived ideas; (6) an analysis may be checked by making 
readings at different points throughout the length of the wedges, 
especially in cases where the color is too deep or too pale for the most 
accurate comparison at the first position observed; (7) the wedges arc 
easily emptied and filled so that passing from one determination to the 
next is quickly and easily effected; (8) the possibility of using any 
section of the wedge from its thinnest to its thickest part renders the 
apparatus adaptable to a wide range of determinations, and permits 
considerable variation in the amount of substance taken for an analy- 
sis; (9) the camera is mounted on a stand upon which it is free to turn 
in a horizontal plane, which makes it unnecessary to lift the instrument 
from its position while in use; and, finally, (10) the accuracy of the 
work done with the colorimeter appears to be limited only by the sen- 
sitivity of the eye to color changes. In the determination of carbon in 
steel, the maximum error obtained in a single reading was 0.6 per cent 
and this was considerably reduced by averaging several readings.’"* 
While the wedge type colorimeter possesses the advantage of the 
individual wedge for a permanent standard, it has the disadvantages 



that the individual wedges 
must be emiiirically standard- 
ized and that few of them are 
really permanent, and careful 
calibration of each wedge by 
the individual using the instru- 
ment is often ojnitted, 

COLORIMETER LAMPS 
21. Improved Bausch & 


F:o. 35.-lmproved Bausch & Lomb Colorim- Lomb Colorimeter Lamp.-Fig- 
cterLamp. ure35. This lamp produces 

a complete diffusion of re- 


flected light over the entire surface of the colorimeter mirror. 


White, loc. cU. 


COLORIMETER TABLE 
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Interchangeable blocks permit the use of instruments of different 
sizes. 

The entire interior of the lamp is finished in dull white. This 
unpolished white surface of the wall provides illumination that is prac- 
tically white, very evenly diffused and of uniform intensity. Within 
the dome-shaped top and out of direct line with the mirror of the 
colorimeters is a 6()-watt Mazda bulb. 

22. New Palo Daylight Lamp. Cullen Model. — Figure 35a. This 
lamp produces a true and natural North skylight 
and was designed especially for pH colorimetric 
work. The light from a special hlazda bulb is 
filtered through an accurate filter lens, the color 
composition of which has been carefully determined. 

The resultant North skylight rays are directed 
upon a reflector which increases the light diffusion 
and thus produces a uniform illumination. 

23. Cooper Hewitt Mercury Light. — Sec Fig. 

49, page 252. 

24. Schmidt & Haensch Sphere Illuminating Fm. 35a.— New Palo 
Device.— This illuminating device is designed for 

Schmidt & Haensch (Colorimeters and consists 
of a hollow metal sphere, whitened inside and thus producing a 
diffuse reflecting surface which furnishes an absolutely uniform 
illumination. Two low-voltage bulbs mounted at i)roper angle inside 
the sphere serve as a source of light. Figure 30 shows the sphere 
illuminator attached to the colorimeter. This illuminator is also 
used with the Kleinmarm micro-colorimeter. (Sec Figs. 32 and 33.) 

COLORIMETER TABLE 

26. Klett Result Table.— d’his is a condensed table giving the 
result at 15 and 20 from 6 to 37 mm. It is printed on fine linen and 
is attached to rollers which can be moved forth and back very 
rapidly. A separate table printed on the same sheet is for the 
hemoglobin method in connection with the Newcomer hemoglobin 
standard. The table is shown on the base of the instrument in Fig. 
18. It is also attached to the new Klett bio-colorimeter. 



CHAPTER III 


CALCULATION OF RESULTS ^ 

Standard Series Method.— If a series of standards is used the 
amount of test substance in the sample is obtained directly by reading 
off the value of the standard which matches it in color. From this 
reading the percentage of test substance in the sample is easily calcu- 
lated. 

Example: 

Weight of sample 2 . 0000 grams 

Weight of test substance found 0.0010 gram 

. ^-0010 

rhereiore, sample contains - - X 100 = 0.05 per cent test 
2.0000 

substance. 

Dilution Method.- Tn this method the darker colored solution is 
diluted until the sample and standard solutions match in color when 
viewed liorizonlally through the tubes. At this point each solution 
contains the same weiyjit of test substance per cubic centimeter. The 
amount of test substance in each is, therefore, directly proportional 
to their volumes. 

Example 1 . — Equal weights of sample and standard taken for the 
analysis. 


Weight of sample 0.5000 gram 

Weight oPstandard 0.5000 gram 

Percentage of test substance in standard 0.25 gram 

Reading of sample 50 cc. 

Reading of standard 54 cc. 


' All calculations in this chapter are based upon the assumption that Beer’s law i.s 
obeyed. If the color reaction deviates from Beer’s law, a correction curve should be 
constructed. A detailed discussion of colorimeter calibration and correction curves is 
given in Chapter IV. 
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Note that the standard solution was darker and hence it was diluted. 
Since equal weights of sample and standard were taken, the percentage 
of test substance in the sample may be calculated directly. 

Thus we have, 

Per cent ^ Per cent Vol, of Vol. of 
in sample ’ in standard sample ‘ standard. 

;r :0.25 = 50 : 54 


_ 0.25 X 50 
54 


0.23 per cent test substance in the sample. 


Example 2 . — A solution containing a known weight of test sub- 
stance per cubic centimeter is used as a standard. 

Weight of sample 5.000 grams 

Standard solution contains 0.00004 gram of test substance i)er cubic 
centimeter. 

Reading of sample 32 cc. 

Reading of standard 25 cc. 

In this case the sample solution was darker and hence it was diluted. 

Weight of test substance in standard is 0.00004 X 25 = O.OOlO 
gram. 

Weight of test Weight of test Vol. of ^ Vol. of 

substance in sample ‘ substance in standard sam])le ’ standard. 

A' : 0.0010 = 32 : 25 


0.0010 X 32 , , 

X = — — - = 0.00128 gram of test substance contained 
25 


in the sample. 
026 per c 
sample. 


, 0.00128 , . , 
Ihcrefore, X 100 = 0.026 per cent test sirt)stance m the 

5.000 


Duplication Method. — In this method a relatively concentrated 
standard solution is measured into a “ blank ” containing the same 
reagents as used in the sample until the color is the same as that of the 
sample, after the volume of the standard has been brought up to the 
volume of the sample by the addition of distilled water. The volume 
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of standard solution required to prepare the duplicate ” is a measure 
of the amount of test substance in the sample. 


Example: 

Weight of sample 2.0000 grams 

Standard required for duplication 4.6 cc. 


Standard contained 0.0005 gram of test sub- 
stance per cubic centimeter. 

Total test substance recjuired 0.0005 X 4.6 = 

0.0025 gram. 

0.0025 

1 here! ore, X 100 = 0.115 per cent test substance contained 

in the sample. 

Balancing Method.— This method consists in placing the sample 
solution in a flat-bottom graduated tube and then running into another 
similar tube a standard color solution until the color intensities of the 
two are identical when viewed vertically through the length of the col- 
umns of Ikpiids. When thus “ balanced,” the concentrations of the 
two solutions are inversely proportional to their heii’hts. 


Example: 

Weight of sample 2.5000 grams 

Volume of sample after solution 50 cc. 


Standard solution contains 0.00002 gram of 
test substance per cubic centimeter. 

Height of sample solution in tube yl = 50 mm. 
Height of standard solution in tube B = 5S mm. 


Weight of test 
substance 
per cc. \n A. 


Weight of test 
substance 
per cc. in B. 


Height of , Height of 
soln. in B. ’ soln. in A, 


X : 0.00002 = 58 : 50 

().00002 X 58 

^ " X = 0.0000232 gram of test substance per 


cubic centimeter of the sample solution. 
Total test substance in sample is, therefore, 0.0000232 X 50 = 
0.00115 gram. 

0.00115 

2 X 100 = 0.046 per cent test substance in the 


sample. 
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Simplified Calculations in Colorimetry. — -In the above paragraphs 
we have illustrated the calculation of results obtained by each of the 
four common colorimetric methods, namely, standard series, dilution, 
duplication, and balancing. McCrackan, Passamaneck, and Harman - 
have recently called attention to a simplified method of calculation in 
colorimetry when the color matching is made with a colorimeter, 
whether the instrument be of the single plunger, the two plunger, or 
the dilution type. In each case a reading on the known {K) and a 
reading on the unknown {U) have to be taken. 

“ These readings become the terms of fractions used in obtaining 
factors that form a part of calculation formulas, K/U being used for 
plunger type colorimeters, and U/K for those of the dilution type. 
These ratios are constant throughout a comparison in a colorimeter, 
and since they arc used as factors they may be represented by F in 
the expressions : 


K/U = F, and U/K = F. 

“ If any fixed value be assigned to K, then U will assume a corre- 
sponding value, and vice versa. As the analyst can choose which 
tenn he will make constant, and can choose any value within wide 
limits, it is evidently advantageous to choose a whole number, and one 
expressible by one significant figure, for the divisor, such as 8, 10, 20, or 
30. By so doing he can make all division short. He should, there- 
fore, set the unknown in applying a plunger type colorimeter, and get a 
reading for the known, and in applying the dilution type colorimeter, 
vice versa. In using 15 as a divisor, as one would be compelled to do 
in using a 15 mm. Bock-Benedict cell for the unknown, he could divide 
successively by 3 and 5, the factors of 15, and avoid long division, and a 
similar procedure could be followed with any other factorable number. 

“Most writers on colorimetry assume the use of the plunger type 
colorimeter for exact work, and they usually direct that^the known be 
given a value, and that a reading for the unknown be made after the 
fields are matched. The number 20 is most often used for the known, 
and the readings for the unknown, made to one decimal place usually, 
give values that make long division necessary, and the factors obtained 
by the division usually have to be rounded off to prevent the use of 
figures to more than the third decimal place. 


Chem. Ed., 3, 416 (1926). 
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CALCULATION OF RESULTS 


TABLE I 

(McCrackan, Passamancck and Harman) 

All values for X/20 are shown when X varies from 10.0 to 45.9. 

In lK)th the calculation formulas, Known 'Unknown = F, and Unknown/Known = F, the dividend is 
re|)rcsented by .Y, and the divisor by 20. 

X is the dividend in K/U, and In U/K 


X 

A720 

A' 

A720 

X 

X/20 

A' 

A720 

X 

A720 

X 

A720 

10.0 

0.500 

16.0 

0.800 

22.0 

1 . 100 

28.0 

1.400 

34.0 

1.700 

40.0 

2.000 

10. 1 

0.505 

16. 1 

0 . 805 

22.1 

1.105 

28.1 

1.405 

34.1- 

1 . 705 

40.1 

2.005 

10.2 

0.510 

16.2 

0.810 

22.2 

1.110 

28.2 

1.410 

.34.2 

1.710 

40.2 

2.010 

10.3 

0.515 

16.3 

0.815 

22.3 

1.115 

28.3 

1.415 

34.3 

1.715 

40.3 

2.015 

10.4 

0.520 

16.4 

0.820 

22.4 

1.120 

28.4 

1.420 

34.4 

1.720 

40.4 

2.020 

10.5 

0.525 

16.5 

0.825 

22.5 

1.125 

28.5 

1.425 

34.5 

1.725 

40.5 

2.025 

10.6 

0.530 

16.6 

0.830 

22.6 

1.130 

28.6 

1.430 

34.6 

1.730 

40.6 

2.0.30 

10.7 

0.535 

16.7 

0.835 

22.7 

1.135 

28.7 

1.435 

34.7 

1.735 

40.7 

2.035 

10.8 

0.540 

16.8 

0.840 

22.8 

1.140 

28.8 

1.440 

.34.8 

1.740 

40.8 

2.040 

10.9 

0.545 

16.9 

0.845 

22.9 

1.145 

28.9 

1.445 

.34.9 

1 . 745 

40.9 

2.045 

11.0 

0.550 

17.0 

0.8.50 

23.0 

1.1.50 

29 . 0 

1.4.50 

35.0 

1.750 

41.0 

2.050 

11.1 

0.555 

17.1 

0.855 

23.1 

1.155 

29.1 

1.455 

35 . 1 

1.755 

41.1 

2.055 

11,2 

0.560 

17.2 

0.860 

23.2 

1.160 

29.2 

1.460 

.35 . 2 

1 . 760 

41.2 

2.060 

11.3 

0.565 

17.3 

0.865 

23.3 

1.165 

29.3 

1 . 465 

.35.3 

1 . 765 

41.3 

2 . 065 

11.4 

0.570 

17.4 

0.870 

23.4 

1.170 

29.4 

1.470 

35.4 

1.770 

41.4 

2.070 

11.5 

0.575 

17.5 

0.875 

23.5 

1.175 

29.5 

1.475 

35 . 5 

1.775 

41.5 

2.075 

11.6 

0.580 

17.6 

0.880 

23.6 

1.180 

29.6 

1.480 

.35.6 

1.780 

41 6 

2.080 

11.7 

0.585 

17.7 

0.885 

23.7 

1.185 

29.7 

1 . 485 

15.7 

1 . 785 

41.7 

2.085 

11.8 

0,590 

17.8 

0.890 

23.8 

1 . 190 

29.8 

1.490 

35 . 8 

1 . 790 

41.8 

2 . 090 

11.9 

0.595 

17.9 

0.895 

23.9 

1 . 195 

29.9 

1.495 

35.9 

1 . 795 

41.9 

2,095 

12.0 

0.600 

18.0 

0.900 

24.0 

1.200 

.30.0 

1 . 500 

.36.0 

1 . 800 

42.0 

2.100 

12.1 

0.605 

18.1 

0.905 

24. 1 

1 . 205 

30.1 

1 . 505 

.36. 1 

1 . 805 

42.1 

2.105 

12,2 

0.610 

18.2 

0.910 

24.2 

1.210 

30.2 

1.510 

36.2 

1,810 

42.2 

2.110 

12.3 

0.615 

18.3 

0.915 

24.3 

1.215 

30.3 

1.515 

36.3 

1.815 

42.3 

2.115 

12,4 

0.620 

18.4 

0.920 

24.4 

1.220 

.30.4 

1.520 

36.4 

1 . 820 

42.4 

2.120 

12.5 

0.625 

18.5 

0.925 

24.5 

1.225 

.30.5 

1.525 

.36.5 

1 . 825 

42.5 

2.125 

12.6 

0 . 630 

18.6 

0.930 

24.6 

1 . 230 

.30.6 

1 . 530 

.36.6 

1 . 830 

42.6 

2.1.30 

12.7 

0.635 

18.7 

0.935 

24.7 

1 . >35 

30.7 

1.535 

36.7 

1 . 835 

42.7 

2.135 

12.8 

0.640 

18.8 

0.940 

24.8 

1 . 210 

.30.8 

1..540 

36.8 

1 . 840 

42.8 

2.140 

12.9 

0.645 

18,9 

0.945 

24.9 

1 . 245 

.30.9 

1 . 545 

36.9 

t . 845 

42.9 

2.145 

13.0 

0.6.50 

19.0 

0.950 

25.0 

1.250 

31.0 

1 . 550 

.37.0 

1.850 

43 , 0 

2.150 

13.1 

0.655 

19. 1 

0.955 

25. 1 

1.255 

.31.1 

1.555 

37.1 

1 , 855 

43.1 

2.155 

13.2 

0.660 

19.2 

0.960 

25.2 

1 . 260 

.31.2 

1.560 

37.2 

1 . 860 

43,2 

2. 160 

13.3 

0.665 

19,3 

0.965 

25.3 

1 . 265 

31.3 

1.565 

37.3 

1 . 865 

4.5 . .3 

2.165 

13.4 

0.670 

19.4 

0.970 

25.4 

1.270 

31.4 

1.570 

37.4 

1.870 

43.4 

2.170 

13.5 

0.675 

19.5 

0.975 

25.5 

1.275 

31.5 

1.575 

.37.5 

1.875 

43.5 

2.175 

13.6 

0.680 

19.6 

0.980 

25.6 

1.280 

31.6 

1.580 

37.6 

1 . 880 

4,3 . 6 

2.180 

13.7 

0.685 

19.7 

0.985 

25.7 

1.285 

31.7 

1 . 585 

37.7 

1 . 885 

43.7 

2.185 

13.8 

0,690 

19.8 

0.990 

25.8 

1 . 290 

31.8 

1 . 590 

37.8 

1 . 890 

43.8 

2.190 

13.9 

0.695 

19.9 

0.995 

25.9 

1.295 

31.9 

1.595 

37.9 

1 , 895 

43.9 

2.195 

14.0 

0.700 

20.0 

1.000 

26.0 

1.300 

32.0 

1.600 

38.0 

1 . 900 

44 , 0 

2,200 

14.1 

0.705 

20.1 

1.005 

26.1 

1..305 

32.1 

1.605 

38.1 

1.905 

44 1 

2 205 

14.2 

0.710 

20.2 

1.010 

26.2 

1.310 

32.2 

1.610 

.38.2 

1,910 

44.2 

2,210 

14.3 

0.715 

20.3 

1.015 

26.3 

1.315 

32.3 

1.615 

38.3 

1.915 

44,3 

2.215 

14.4 

0.720 

20,4 

1.020 

26.4 

1.320 

32.4 

1.620 

38 . 4 

1.920 

44.4 

2.220 

14.5 

0.725 

20.5 

1.025 

26.5 

1.325 

32.5 

1.625 

38.5 

1.925 

44,5 

2.225 

14.6 

0,730 

20.6 

1,030 

26.6 

1 . 330 

32.6 

1.6.30 

38.6 

1,930 

44.6 

2.2.30 

14.7 

0.735 

20.7 

1.035 

26.7 

1.3.35 

32.7 

1.635 

38.7 

1.935 

44.7 

2.235 

14.8 

0.740 

20.8 

1.040 

26.8 

1 . 340 

32.8 

1 . 640 

.38,8 

1.940 

44.8 

2.240 

14.9 

0.745 

20.9 

1 .045 

26.9 

1.345 

32.9 

1.645 

38.9 

1 . 945 

44.9 

2 . 245 

15.0 

0,750 

21,0 

1.050 

27.0 

1 . 350 

33.0 

1.6.50 

.39.0 

1.950 

45.0 

2.250 

IS.l 

0,755 

21.1 

1.055 

27.1 

1 . 355 

.33 . 1 

1 . 655 

39.1 

1.955 

45.1 

2 . 255 

15.2 

0.760 

21.2 

1.060 

27.2 

1.360 

33.2 

1.660 

39.2 

1.960 

45.2 

2 . 260 

15.3 

0.765 

21.3 

1.065 

27.3 

1.365 

33.3 

1.665 

39.3 

1.965 

45.3 

2.265 

15.4 

0.770 

21.4 

1.070 

27.4 

1.370 

33.4 

1.670 

39.4 

1.970 

45.4 

2.270 

15.5 

0.775 

21.5 

1.075 

27.5 

1.375 

33.5 

1.675 

39.5 

1.975 

45.5 

2.275 

15.6 

0,780 

21.6 

1.080 

27.6 

1.380 

33.6 

1.680 

39.6 

1.980 

45.6 

2.280 

15.7 

0.785 

21.7 

1.085 

27.7 

1 . 385 

33.7 

1.685 

39.7 

1.985 

45.7 

2.285 

15.8 

0.790 

21.8 

1.090 

27.8 

1.390 

33.8 

1.690 

39.8 

1.990 

45.8 

2 . 290 

15.9 

0.795 

21.9 

1 . 095 

27.9 

1.395 

33.9 

1.695 

39 9 

1.995 

45.9 

2 . 295 
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“ The Klett Mfg. Co. has copyrighted tables prepared by Benedict 
showing values rounded oiT to three decimal places for values oi K/U 
when K is 15, and U is 6.0 to 29.9, and when K is 20, and U is 8.0 to 
32.9. Mathews’^ includes tables from Hulton-Frankel in his latest 
text, showing creatinine and sugar precentages in blood for readings 
for the unknowns when the known is set at 20, and Falisi and Lawton^ 
give tables for calculating creatinine, non-protein nitrogen, urea nitro- 
gen, sugar, and uric acid for readings for the unknowns when the 
known is set at 20. All such tables could more easily be prepared for 
readings on the knowns when the unknowns are set, and the ease 
with which calculations could be verified would make work less 
empirical.” 

In Table I are shown all values for K/U and U /K when the divisor 
is made 20 and the dividend varies from 10.0 to 45.9. None of 
these factors are rounded off, yet only 50 per cent of them require 
as many as three decimal places. They are absolutely exact, 
and all are obtained by short division, making it possible for 
students and analysts to verify calculations with little loss of time 
and energy. 

Where most accurate work is done with colorimeters reading to the 
second decimal place, the wisdom of having a divisor with one sig- 
nificant figure is still more apparent. With such instruments and the 
unknown set on 20, factors absolutely accurate to the fourth decimal 
place, from an arithmetical point of view, can be obtained, and only 
50 per cent of them need four decimals to express them. A table giving 
these factors would be just ten times as long as the preceding three- 
j)lace table based on readings made to one place. 

TABLES OF GENERAL APPLICATION FOR VERIFYING COMPLETE 
COLORIMETRIC CALCULATIONS ' 

It is well known that formulas for colorimetric calculations can be 
divided into two factors; one of which is constant for any fixed analytic 
procedure, and the other of which varies with the colorimetric readings. 

^ A. r. Mathews, Physiological Chemistry, 4th cd., pp. 1073 74. William Wood & Co., 
New York, 1925. 

^ J. C. Falisi and Vera L. Lawton, Tables for Blood Chemistry ('alculations, J. Lab. 
Clin. Med., 9, 566 (1924). 

^ R. F. McCrackan, Kale E. Harman, and E. Passamancck, Arch. Path. Lab. Med., 
3, 227 (1927). 
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It has been suggested that C® represent the constant factor, and that 
the variable factor be represented by F (see p. 55) whether it repre- 
sents the reading for the known divided by that for the unknown when 
a colorimeter of the plunger type is used, or the reading for the unknown 
divided by that for the known when the colorimeter is of the dilution 
type. Then when W represents the weight of the unknown sub- 
stance sought, 

FC = W 

It has been shown that the division necessary to obtain F can be 
made short, and that repeating decimals can be avoided, by choosing 
such values as 20, 10 and 25 for the divisors. The purpose of the fol- 
lowing paragraphs is to explain the use of tables showing values for F, 
and for W or FC, for all readings to one decimal place between 13.0 and 
30.9 when the divisor is 20; between 16.0 and 37.9 when the divisor 
is 25, and between 6.0 and 15.9 when the divisor is 10. The tables arc 
so much alike in principle that only one of them ('Fable III) will be 
explained. 

'Fable III, which will be most used, probably, is for use only when 
the unknown is set on 20 for a colorimeter of the plunger type, or the 
known is 20 in volume for one of the dilution type. The numbers in 
the first column, marked D, which means dividend, are the integral 
parts of the colorimeter readings for the dividends that are to be 
divided by 20, and the fractional parts of the dividends are across the 
top of the table. In the second column, marked C, meaning con- 

® This constant factor C is equal to SN\"/PV" in the e(iuation: 

KSNV'/UPV" - IK 

where P = the portion of solution taken for analysis; 

S - the weight of standard substance in the known solution; 

V - the volume of the unknown solution; 

V" - the volume of the known solution; 

U = the colorimeter reading for the unknown solution; 

K - the colorimeter reading for the known solution; 

N = the number used as a factor to express the analytical results on a conventional 
basis, and 

W = the weight of the standard substance in the unknown solution expressed on 
the conventional basis indicated in the choice of the number N, above. 

P, V\ and V" are usually expressed in cubic centimeters, S and W in milligrams, U 
and K in colorimeter units, and A as an abstract number. 

For A study of the mathematics of colorimetry by means of the above general formula, 
see McCrackan, J. Chem. Ed., 3, 928 (1926). 
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slant factors, figures from I to 9 are repeated with each whole number 
found in the first column. Under the fractional parts of the dividends, 
and opposite I of the second column, in each case, the value of h\ or of 
dividend divided by di\’isor, is found, and under these, opj^osite the 
other numbers of the second column are the products of F and C, or \V. 
All values are shown for FC or IF, when (’ is a whole number between 
1 and 9. In case C is a decimal fraction between O.OOl and 0.900 with 
but one significant figure, or a numlier above 9 with but one significant 
figure, the figures of the tables still show the values sought, provided 
that the decimal point is moved correctly in each case. In most pro- 
cedures the value of C contains only one significant figure, but when it 
contains two figures IF can still lie found by means of the table by 
pointing off two numbers correctly, and adding them. 

While the table can be used in calculations for any fixed colorimetric 
procedures, Folin's" well-known methods for analyzing protein-free 
blood filtrates will be taken to illustrate its use. Let the colorimeter 
be of the plunger type, the weight of glucose used as the standard be 
0.4 mg., and the reading for the known be 19.7, when the unknown is 
set on 20, to find the number of milligrams of glucose in 100 cc. of 
blood. The general formula applicable is: 

•Kr_ 

Reading on Vol. Mg. of 

_ _ X X . X 11)00 = W 

Reading on Vol. Vol. Blood I'il- 

Unknown Known trale y\nalyzed 


19.7 

20 


2.S 0.4 

X — X - X 1000 
25 2 


197 


A glance at the left member of the equation shows that 19.7/20 is F, 
the variable factor. The balance of the left member of the equation is 
the constant factor C for the analytic procedure, and’it equals 200. 
The significant figure in 200 is 2, and opposite 2 of the second column, 
under 19.7, the table shows 1.970. To get the correct value for 200, 
the decimal point must be moved two iilaces to the right. This gives 
197, checking the value found by calculation. The value of F, or 

^ 0. Folin, Laboratory Manual of Biological Cliemistry, pp. 227 -277. D. Appleton 
& Co., New York, 1926; O. Folin and II. Wu, A System of Blood Analysis, J. Biol. Chem., 
38, 81 (1919). 
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19.7/20, which is found to be 0.985 by calculation, can be verified by 
looking under 19.7, opposite 1 of the second column. 

The values for C in all of Folin’s procedures have been calculated 
and tabulated for use when needed. For his weaker standards they 
are 4, 30, 15 and 1.5 for uric acid, nonprotein nitrogen, urea nitrogen, 
and creatinine, respectively. Let the unknowns be set on 20, and let 
the readings for the knowns in these four determinations be 19.4, 19.6, 
20.3 and 20.5, respectively, to find the weights of these substances in 
100 cc. of blood. For uric acid, under 19.4, opposite 4 of the second 
column, the answer 3.88 is found. For nonprotein nitrogen, under 
19.6, opposite 3, the figures 2.94 become 29.4, the answer, by moving 
the point one place. In finding the urea nitrogen, 15, which contains 
two significant figures, must be used for C. The one represents ten, 
and the five represents units, so opposite 1, under 20.3, the number 
1.015 is changed to 10.15 and added to 5.075 found just below, opposite 
5 of the second column, giving 15.225 as the unabbreviated answer. 
Similarly with the creatinine, where C is 1.5, the number under 20.5, 
opposite 1, is 1.025; the number opposite 5, divided by 10, is 0.5125, 
and the sum of the two numbers is 1.5375, which might be recorded as 
1.54 mg. 

While calculations, made in the old way.s, can be done away with, 
and these tables used instead, this is not recommended, and particu- 
larly not in the work of technicians and students. Calculations should 
be made independently, and the tables used as a means of checking the 
arithmetic. Moreover, it must be understood that these tables are 
based upon the assumption of the validity of Beer’s law, at least over 
the range in concentration employed, and that for all methods which 
deviate from this law, correction curves or factors must be obtained 
in the usual way, (See Chapter IV.) 
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TABLE II 


(McCrackan, Harman and Passamancck) 

Values for Dividends Divided by 10 and Multiplied by from 1 to 9 
When Colorimeter Readinc.s Ranoe from 6.0 to 15.9 


c 

0.0 

0. 1 

0.2 

0,3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

0.60 

0.61 

0.62 

0.63 

0.64 

0,65 

0.66 

0.67 

0.68 

0.69 

2 

1.20 

1.22 

1.24 

1.26 

1.28 

1.30 

1.32 

1.34 

1.36 

1.38 

3 

1.80 

1.83 

1.86 

1.89 

1.92 

1.95 

1.98 

2.01 

2,04 

2.07 

4 

2.40 

2.44 

2.48 

2,52 

2.56 

2.60 

2.64 

2.68 

2.72 

2.76 

5 

3.00 

3.05 

3.10 

3.15 

3.20 

3.25 

3.30 

3.35 

3.40 

3.45 

6 

3.60 

3.66 

3.72 

3.78 

3.84 

3.90 

3.96 

4.02 

4.08 

4,14 

7 

4.20 

4.27 

4.34 

4.41 

4.48 

4,55 

4.62 

4.69 

4.76 

4.83 

8 

4.80 

4.88 

4,96 

5.04 

5.12 

5.20 

5.28 

5.36 

5.44 

5.52 

9 

5.40 

5.49 

5.58 

5.67 

5.76 

5.85 

5.94 

6.03 

6.12 

6.21 

1 

0.70 

0,71 

0.72 

0.73 

0.74 

0.75 

0.76 

0.77 

0,78 

0.79 

2 

1.40 

1 .42 

1.44 

1.46 

1.48 

1.50 

1.52 

1.54 

1.56 

1.58 

3 

2.10 

2.13 

2.16 

2.19 

2.22 

2.25 

2.28 

2.31 

2.34 

2.37 

4 

2.80 

2.84 

2.88 

2.92 

2.96 

3.00 

3.04 

3.08 

3,12 

3.16 

5 

3.50 

3.55 

3.60 

3.65 

3.70 

3.75 

3.80 

3.85 

3.90 

3.95 

6 

4.20 

4.26 

4.32 

4.38 

4.44 

4.50 

4.56 

4.62 

4.68 

4,74 

7 

4.90 

4.97 

5.04 

5.11 

5.18 

5.25 

5.32 

5.39 

5.46 

5.53 

8 

5.60 

5.68 

5.76 

5.84 

5.92 

6.00 

6.08 

6.16 

6.24 

6.32 

9 

6.30 

6.39 

6.48 

6.57 

6.66 

6.75 

6.84 

6.93 

7.02 

7.11 

1 

0.80 

0.81 

0.82 

0.83 

0.84 

0.85 

0.86 

0.87 

0,88 

0.89 

2 

1 .60 

1.62 

1 .64 

1 .66 

1.68 

1.70 

1.72 

1.74 

1.76 

1.78 

3 

2.40 

2.43 

2.46 

2.49 

2,52 

2.55 

2.58 

2.61 

2.64 

2.67 

4 

3 . 20 

3.24 

3.28 

3.32 

3.36 

3.40 

3.44 

3.48 

3.52 

3 ,. S 6 

5 

4.00 

4,05 

4.10 

4.15 

4.20 

4.25 

4.30 

4.. 35 i 

4.40 

4,45 

6 

4.80 

4.86 

4.92 

4.98 

5.04 

5.10 

5.16 

5.22 

5.28 

5.34 

7 

5.60 

5.67 

5.74 

5,81 

5.88 

5.95 

6.02 

6.09 

6.16 

6.23 

8 

6.40 

6.48 

6.56 ! 

6.64 

6.72 

6.80 

6.88 

6.96 

7.04 

7.12 

9 

7.20 

7.29 

7.38 

7.47 

7.56 

7.65 

7.74 

7,83 

7,92 

8,01 

1 

0.90 

0,91 

0.92 

0.93 

0.94 

0.95 

0.96 

0.97 

0.98 

0.99 

2 

1 . 80 

1.82 

1.84 

1.86 

1.88 

1.90 

1.92 

1,94 

1.96 

1.98 

3 

2.70 

2.73 

2.76 

2.79 

2.82 

2.85 

2.88 

2.91 

2.94 

2,97 

4 

3.60 

3.64 

3.68 

3.72 

3.76 

3.80 

3.84 

3.88 

3.92 

3.96 

5 

4.50 

4.55 

4.60 

4.65 

4.70 

4.75 

4,80 

4.85 

4.90 

4.95 

6 

5.40 

5,46 

5.52 

5.58 

5.64 

5.70 

5.76 

5.82 

5.88 

5.94 

7 

6.30 

6.37 

6.44 

6.51 

6.58 

6.65 

6.72 

6.79 

6.86 

6.93 

8 

• 7 . 20 

7,28 

7.36 

7.44 

7.52 

7.60 

7.68 

7.76 

7.84 

7.92 

9 

8.10 

8.19 

8.28 

8.37 

8.46 

8.55 

8.64 

8*73 

8.82 

8.91 

1 

1 .00 

1.01 

1 .02 

1.03 

1.04 

1.05 

1.06 

1.07 

1.08 

1.09 

2 

2.00 

2.02 

2.04 

2.06 

2.08 

2.10 

2.12 

2.14 

2.16 

2.18 

3 

3.00 

3.03 i 

3.06 

3.09 

3.12 

3.15 

3.18 

3.21 

3.24 

3,27 

4 

4.00 

4,04 

4.08 

4.12 

4.16 

4.20 

4.24 

4.28 

4.32 

4 36 

5 

5.00 

5,05 

5.10 

5.15 

5.20 

5.25 

5.30 

5.35 

5.40 

5.45 

6 

6.00 

6.06 

6.12 

6.18 

6.24 

6.30 

6.36 

6.42 

6.48 

6.54 

7 

7.00 

7.07 

7.14 

7.21 

7.28 

7.35 

7.42 

7,49 

7.56 

7.63 

8 

8.00 

8.08 

8.16 ! 

8.24 

8.32 

8.40 

8.48 

8.56 

8.64 

8.72 

9 

9.00 

9.09 

9.18 

9.27 

9.36 

9.45 

9.54 

9 63 

9.72 

9.81 
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TABLE II — Continued 


c 

0.0 

0.1 

0,2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

MO 

1.11 

1.12 

1.13 

1.14 

1.15 

1.16 

1.17 

1.18 

1.19 

2 

2.20 

2.22 

2.24 

2.26 

2.28 

2.30 

2.32 

2.34 

2.36 

2.38 

3 

3.30 

3.33 

3.36 

3.39 

3.42 

3.45 

3.48 

3,51 

3.54 

3,57 

4 

4.40 

4.44 

4.48 

4.52 

4.56 

4.60 

4.64 

4.68 

4.72 

4,76 

5 

5.50 

5 . 55 - 

5.60 

5.65 

5.70 

5.75 

5.80 

5.85 

5.90 

5,95 

6 

6.60 

6.66 

6.72 

6.78 

6.84 

6.90 

6.96 

7.02 

7.08 

7.14 

7 

7.70 

7.77 

7.84 

7.91 

7.98 

8.05 

8.12 

8.19 

8.26 

8.33 

8 

8 . SO 

8.88 

8.96 

9.04 

9.12 

9.20 

9.28 

9,36 

9.44 

9.52 

9 

9.90 

9.99 

10.08 

10.17 

10.26 

10.35 

10.44 

10.53 

10.62 

10.71 

1 

1 . 20 

1.21 

1.22 

1.23 

1.24 

1.25 

1.26 

1.27 

1.28 

1.29 


2.40 

2.42 

2.44 

2.46 

2.48 

2.50 

2.52 

2.54 

2,56 

2.58 

3 

3.60 

3.63 

3.66 

3.69 

3,72 

3.75 

3.78 

3.81 

3 . 84 

3.87 

4 

4 . 80 

4.84 

4.88 

4.92 

4.96 

5.00 

5.04 

5.08 

5,12 

5.16 

5 

6 . 00 

6.05 

6.10 

6.15 

6.20 

6.25 

6.30 

6.35 

6.40 

6.45 

6 

7 . 20 

7.26 

7.32 

7.38 

7.44 

7.50 

7.56 

7.62 

7,68 

7.74 

7 

8.40 

8.47 

8.54 

8.61 

8.68 

8 . 75 

8.82 

8.89 

8.96 

9.03 

8 

9.60 

9.68 

9.76 

9.84 

9.92 

10.00 

10.08 

10.16 

10,24 

10.32 

9 

10.80 

10.89 

10.98 

11.07 

11.16 

11.25 

11.34 

11.43 

11.52 

11.61 

1 

1.30 

1.31 

1.32 

1.33 

1.34 

1.35 

1,36 

1.37 

1,38 

1.39 

2 

2.60 

2.62 

2.64 

2.66 

2.68 

2.70 

2.72 

2.74 

2.76 

2.78 

3 

3.90 

3.93 

3.96 

3.99 

4.02 

4.05 

4.08 

4.11 

4.14 

4.17 

4 

5.20 

5.24 

5.28 

5,32 

5.36 

5.40 

5.44 

5.48 

5.52 

5.56 

5 

6.50 

6.55 

6.60 

6.65 

6.70 

6.75 

6.80 

6.85 

6.90 

6.95 

6 

7,80 

7.86 

7.92 

7.98 

8.04 

8.10 

8.16 

8,22 

8.28 

8.34 

7 

9.10 

9.17 

9.24 

9.31 

9.38 

9,45 

9.52 

9.59 

9.66 

9.73 

8 

10.40 

10.48 

10.56 

10.64 

10.72 

10.80 

10.88 

10.96 

11.04 

11.12 

9 

11.70 

11.79 

11.88 

11.97 

12.06 

12.15 

12.24 

12.33 

12.42 

12.51 

1 

1.40 

1.41 

1 .42 

1.43 

1.44 

1,45 

1.46 

1.47 

1.48 

1.49 

2 

2.80 

2,82 

2.84 

2 , 86 

2.88 

2.90 

2,92 

2.94 

2.96 

2.98 

3 

4,20 

4.23 

4 26 

4 , 29 

4 32 

4.35 

4.38 

4.41 

4,44 

4.47 

4 

5.60 

5.64 

5.68 

5.72 

5.76 

5.80 

5,84 

5.88 

5.92 

5.96 

3 

7.00 

7.05 

7.10 

7.15 

7.20 

7.25 

7.30 

7.35 

7,40 

7.45 

6 

8.40 

8.46 

8.52 

8.58 

8 64 

8.70 

8.76 

8.82 

8 . 88 

8.94 

7 

9.80 

9.87 

9.94 

10.01 

10.08 

10.15 

10.22 

10.29 

10.36 

10.43 

8 

11.20 

11.28 

11.36 

11.44 

11.52 

11.60 

11.68 

11.76 

11.84 

11.92 

9 

12,60 

12.69 

12.78 

12.87 

12.96 

13.05 

13.14 

13.23 

13.32 

13.41 

1 

1.50 

1.51 

1.52 

1.53 

1.54 

1.55 

1.56 

1.57 

1.58 

1.59 

2 

3.00 

3,02 

3.04 

3.06 

3.08 

3.10 

3.12 

3.14 

3.16 

3.18 

3 

4.50 

t 4.53 

4.56 

4.59 

4.62 

4.65 

4.68 

4.71 

4,74 

4.77 

4 

6.00 

6.04 

6.08 

6.12 

6.16 

6.20 

6.24 

6.28 

6,32 

6.36 

5 

7.50 

; 7.55 

7.60 

7.65 

7,70 

I 7.75 

7.80 

7.85 

7,90 

7.95 

6 

9.00 

9,06 

9.12 

9.18 

9.24 

9.30 

9.36 

9.42 

9.48 

9.54 

7 

10.50 

ilO .57 

10.64 

il 0.71 

10.78 

10.85 

10.92 

10,99 

11.06 

11.13 

8 

12,00 

12.08 

il 2.16 

12.24 

12.32 

12.40 

12.48 

12.56 

12.64 

12,72 

9 

13.50 

13.59 

13.68 

13.77 

13.86 

13.95 

14.04 

14. 13 

14.22 

14.31 
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TABLE III 

Values lor Dividends Divided bv 20 and Multiplied by I to 9 


When Colorimeter Readint.s Rance from 13.0 to 30.9 * 



c 1 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 


1 

1 

0.650 

0.655 

0.660 

0.665 

0.670 

0.675 

0.680 

0.685 

0.690 

0.695 


2 

1.300 

1.310 

1 . 320 

1 . 3.30 

1.340 

1.350 

1.360 

1.370 

1 . 380 ) 

1,390 


3 

1.950 

1.965 

1.980 

1.995 

2 . 010 ) 

2 . 0)25 

2.040 

2.055 

2.070 

2.085 


4 

2.600 

2.620 

2.640 

2.660 

2.680 

2 . 70)0 

2.720 

2.740 

2.760 

2.780 

13 J 

5 

3 . 250 

3.275 

3.300 

3.325 

3 . 350 ) 

3.375 

3.400 

3.425 

3.450 

3.475 

i 

6 

3 . 900 

3.930 

3.960 

3.990 

4.020 

4 . 0.50 

4.080 

4.110 

4.140 

4,170 


7 

4.550 

4.585 

4.620 

4.655 

4.690 

4.725 

4.760 

4.795 

4,830 

4.865 


8 

5 . 200 

5 . 240 

5.280 

5.320 

5.360 

5.400 

5.440 

5.480 

5.520 

5.560 


9 

5.850 

5.895 

5.940 

5.985 

6.030 

6.075 

6.120 

6.165 

6.210 

6.255 


1 

0.700 

0.705 

0.710 

0.715 

0.720 

0.725 

0 . 7.30 

0.735 

0.740 

0.745 


2 

1.400 

1.410 

1.420 

1 . 430 ) 

1,440 

1 . 4.50 

1.460 

1.470 

1.480 

1.490 


3 

2.100 

2.115 

2.130 

2 . 145 

2 . 160 ) 

2.175 

2.190 

2.205 

2.220 

2.235 


4 

2 . 800 

2.820 

2.840 

2.860 

2.880 

2 . 90)0 

2.920 

2.940 

2.960 

2.980 

14 

5 

3 . 500 

3.525 

3.550 

3.575 

3.600 

3.625 

3 . 6,50 

3,675 

3.700 

3.725 


6 

4.200 

4.230 

4 . 260 

4.290 

4.320 

4 . 350 ) 

4.380 

4.410 

4.440 

4.470 


7 

4.900 

4.935 

4.970 

5.005 

5.040 

5.075 

5.110 

5.145 

5.180 

5.215 


8 

5.600 

5.640 

5.680 

5 . 720 ) 

5.760 

5 . 80)0 

5.840 

5.880 

5 . 920 ) 

5,960 


9 

6.300 

6.345 

6.390 

6.435 

6.480 

6.525 

6.570 

6.615 

6.660 

6.705 


1 

0.750 

0.755 

0.760 

0.765 

0.770 

0.775 

0.780 

0.785 

0.790 

0.795 


') 

1,500 

1.510 

1.520 

1 , 530 ) 

1.540 

1 . 5 , 50 ) 

1..560 

1.570 

1.580 

1.590 


3 

2.250 

2.265 

2.280 

2.295 

2.310 

2.325 

2.340 

2.355 

2.370 

2.385 


4 

3 . 000 

3 , 020 ) 

3.040 

3 . 060 ) 

3.080 

3.100 

3.120 

3.140 

3.160 

, 3.180 

15 

5 

3.750 

3.775 

3.800 

3 . 825 

3.850 

3.875 

3.900 

3.925 

3.950 

3.975 


' 6 

4.500 

4 . 5,^0 

4.560 

4 . 590 ) 

4 . 620 ) 

4.650 

4.680 

4,710 

4.740 

4.770 


7 

5 , 25 f 

5 . 285 

5.320 

5.355 

5.390 

5.425 

5.460 

5,495 

5.530 

5.. 565 


8 

6 . 00 C 

6.040 

* 6.080 

6.120 

6.160 

6.200 

6.240 

6,280 

6.320 

6,360 


9 

6.750 

6.795 

6.840 

6.885 

6.930 

6.975 

7.020 

7.065 

7.110 

7 . 1. 55 


1 

0 . 80 (.) 

0.805 

0,810 

0.815 

0.820 

0.825 

0 . 8.30 

0.835 

0.840 

0.845 


2 

1.600 

1.610 

1.620 

1 . 6.30 

1.640 

1.650 

1.660 

1.670 

1.680 

1.690 


3 

2,400 

2.415 

2 . 4.30 

2.445 

2 . 460 ' 

2.475 

2.490 

2 . 505 * 

2,520 

2.535 


4 

3 . 200 

3.220 

3.240 

3.260 

3.280 

3.300 

3.320 

3.340 

3.360 

3.380 

16 

.5 

4.000 

4.025 

4.050 

4 . 0)75 

4.100 

4.125 

4.150 

4.175 

4.200 

4.225 


6 

4.800 

4.830 

4.860 

4 , 890 ) 

4.920 

4 . 9.50 

4.980 

5.010 

5.040 

5.070 


7 

5 . 600 

5.635 

5.670 

5.705 

5.740 

5.775 

5.810 

5.845 

5.880 

5.915 


8 

6.400 

6 . 440 ) 

6.480 

6.520 

6.560 

6.600 

6.640 

6.680 

6.720 

6.760 


9 

7.200 

7.245 

7.290 

7.335 

7.380 

7.425 

7.470 

7,515 

7.560 

7.605 


1 

0.850 

0.855 

0.860 

0.865 

0.870 

0.875 

0.880 

0.885 

0.890 

' 0.895 


2 

1.700 

1.710 

1.720 

' 1 . 7,30 

1.740 

1.750 

1,760 

1.770 

1,780 

1 1.790 


3 

2.550 

2 . 565 

2.580 

' 2.595 

2.610 

2.625 

2.640 

2.655 

2.670 

1 2.685 


4 

3.400 

3.420 

3 . 44(1 

1 3.460 

3.480 

3.500 

3.520 

3.540 

I 3. 560 

1 3.580 

17 

5 

4.250 

4.275 

4 , 30(1 

1 4.325 

4 .. 350 ) 

3.375 

4,400 

4.425 

1 4.450 

1 4.475 


6 

5 . 100 

1 5.130 

5.160 

1 5 . 190 ) 

1 5 . 220 ) 

5.250 

5.280 

5 310 

) 5.340 

) 5.370 


7 

5 . 95(1 

1 5.985 

6.020 

1 6.055 

6 . 090 ) 

1 6.125 

6.160 

6.195 

1 6.230 

) 6.265 


8 

6. 800 

1 6 . 84 (J 

6.880 

1 6,920 

1 6.9601 

( 7.000 

7.040 

7.080 

) 7. 120 

) 7.160 


9 

7.650 

1 7.695 

7 . 74 C 

1 7.785 

7 . 8.30 

> 7.875 

7.920 

7.965 

i 8.010 

) 8.055 


1 

0.900 

) 0.905 

0.910 

) 0.915 

. 0.920 

) 0.925 

0 , 9.30 

0,935 

i 0.940 

) 0 945 


2 

1,800 

) 1.810 

1.820 

) 1 . 8.30 

1 1.840 

) 1.850 

1 1 . 86 C 

I 1.870 

) 1.880 

) 1 890 


3 

2.700 

) 2,715 

2.730 

) 2.745 

. 2.760 

) 2.775 

■ 2,790 

1 2.805 

) 2 . 82 ( 

) 2 835 


4 

3.600 

) 3.620 

3.640 

) 3.660 

) 3.680 

) 3.700 

) 3.720 

) 3.740 

) 3 . 76 ( 

) 3.780 

18 

5 

4 . 50 ( 

) 4.525 

4.550 

) 4 . 57 .' 

) 4.600 

) 4 . 62 .‘i 

. 4.650 

) 4.675 

5 4 . 70 ( 

) 4.725 


6 

5.400 

) 5,430 

5,460 

) 5.490 

) 5.520 

) 5.550 

) 5,580 

) 5.610 

) 5 . 64 ( 

) 5.670 


7 

6.300 

) 6.335 

6.370 

) 6,405 

) 6.440 

) 6 , 47 ! 

i 6.510 

) 6.545 

5 6,580 

) 6.615 


8 

7,200 

) 7.240 

) 7.280 7.320 

) 7.360 7.400 

)| 7 . 440 | 7 . 48 ( 

) 7.520 

) 7.560 


9 

8.100 

) 8,145 

5 8.190 8.235 

j | 8.280 8.325 

)l 8.3701 8 . 4 L 

51 8.4601 8.505 
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c 

0.0 

0.1 

0.2 

0.3 

0,4 

0.5 

0,6 

0.7 

0 . 8 

0.9 

1 

0,95( 

09.5.' 

0.96t 

0.96' 

0.97( 

0.97. 

0.980 

0.98' 

0.99( 

0.995 

2 

1 .90C 

1.91( 

1.92f 

1.93( 

1.94( 

1.950 

1.960 

1.97( 

1.98( 

1.990 

3 

2 . 85C 

2.865 

2.88f 

2.89.' 

2.91( 

2.92' 

2.940 

2.95' 

2.97( 

2,985 

4 

3 . 8or 

3.82( 

3.84f 

3.86{ 

3.880 

3.900 

3. 920 

3.94C 

3.96( 

3.980 

5 

4.75C 

4.775 

4.80f 

4.825 

4,8.50 

4.875 

4.900 

4.92' 

4.95f 

4.975 

6 

5.700 

5 . 7.3f] 

5.76C 

5.790 

5.820 

5.850 

5.880 

5.910 

5.94f 

5.970 

7 

6.650 

6.685 

6.72G 

6.755 

6.790 

6.825 

6.860 

6.89.5 

6.9.3( 

6.965 

8 

7.600 

7.640 

7.680 

7.720 

7.760 

7.800 

7.840 

7.880 

7.92( 

7.960 

9 

8.550 

8.595 

8.640 

8.685 

8.730 

8.775 

8.820 

8.865 

8.91C 

8.955 

1 

1.000 

1.005 

1.010 

1.015 

1.020 

1.025 

1.030 

1.035 

1.040 

1.045 

2 

2.000 

2.010 

2.020 

2.030 

2.040 

2.050 

2.060 

2.070 

2.080 

2.090 

3 

3.000 

3.015 

3.030 

3.045 

3.060 

3.075 

3.090 

3.105 

3.12( 

3.135 

4 

4.000 

4.020 

4.040 

4.060 

4.080 

4.100 

4.120 

4.140 

4.160 

4.180 

5 

5.000 

5.025 

5.050 

5.075 

5.1030 

5.125 

5.150 

5.175 

5.200 

5.225 

6 

6.000 

6.030 

6.060 

6.09C 

6.120 

6.150 

6.180 

6.210 

6.240 

6.270 

7 

7.000 

7.035 

7.070 

7.105 

7.140 

7.175 

7.210 

7.245 

7.280 

7.315 

8 

8.000 

8.040 

8.080 

8.120 

8.160 

8.20)0 

8.240) 

8.280 

8.320 

8.360 

9 

9.000 

9.045 

9.090 

9.135 

9.180 

9.225 

9.270 

9.315 

9,360 

9.405 

1 

1.050 

1.055 

1.060 

1.065 

1.070 

1.075 

1.080) 

1,085 

1 .090 

1.095 

2 

2 , 100 

2.110 

2.120 

2.130 

2.140 

2.150 

2.160 

2.170 

2.180 

2.190 

3 

3.150 

3.165 

3.180 

3.195 

3.210) 

3 . 225 

3.240 

3.255 

3.270 

3.285 

4 

4 . 200 

4.220 

4.240 

4.260 

4.280) 

4.30)0 

4.320) 

4.. 340 

4.360 

4.380 

5 

5 . 250 

5.275 

5.300 

5.325 

5.350 

5.375 

5.400 

5.425 

5.450 

5.475 

6 

6.300 

6,330 

6.360 

6.390 

6.420 

6.450 

6.480 

6.510 

6.540 

6.570 

7 

7,350 

7.385 

7.420 

7.455 

7.490 

7.525 

7.560 

7.595 

7.630 

7.665 

8 

8.400 

8.440 

8 . 480 

8.m 

8.560 

8.600 

8,640 

8.680 

8.720 

8.760 

9 

9.450 

9.495 

9.540 

9.585 

9.630 

9.675 

9.720 

9.765 

9.810) 

9.855 

1 

1,100 

1,105 

1.110 

1.115 

1.120) 

1.125 

1.130 

1.135 

1.140 

1,145 

2 

2.200 

2.210 

2.220 

2.230 

2.240 

2.250 

2.260) 

2.270 

2 , 280 

2.290 ■ 

3 

3 . 300 

3.315 

3.330 

3.345 

3.360) 

3.375 

3.390 

3.405 

3.420) 

3,435 

4 

4.400 

4.420 

4.440 

4.460 

4.480 

4.500) 

4 , 520 

4.540 

4.560 

4.580 

5 

5 , 500 

5.525 

5.550 

5.575 

5.600 

5.625 

5.650 

5.675 

5 . 700 

5.725 

6 

6 600 

6.630 

6.660 

6.690 

6.720 

6.750) 

6.780 

6.810 

6.840 

6.870 

7 

7.700 

7.735 

7.770 

7.805 

7.840 

7.875 

7.910 

7.945 

7.980 

8.015 

8 

8 . 800 

8.840 

8.880 

8.920 

8.960 

9.000 

9.040 

9.080 

9,120 

9.160 

9 

9.900 

9,945 

9.990 

10.035 

10.080 

10.125 

10.170 

10.215 

10.260 

10,30,5 

I 

1.150 

1.155 

1.160 

1.165 

1.170 

1.175 

1.180 

1,185 

1.190 

1.195 

2 

2 . 300 

2.310 

2.320 

2.330 

2.340 

2.350 

2.360 

2.370 

2.380 

2 . 390 

3 

3.450 

3.465 

3,480 

3.495 

3.510 

3.525 

3.540 

3.555 

3.570 

3.585 

4 

4,600 

4.620 

4.640 

4.660 

4.680 

4.700 

4.720 

4.740 

4.760 

4.780 

5 

5.750 

5,775 

5.800 

5.825 

5.850 

5.875 

5.900 

5.925 

5.950 

5.975 

6 

6 900 

6.930 

6.960 

6.990 

7.020 

7.050 

7.080 

7.110 

7.140 

7.170 

7 

8.050 

8.085 

8.120 

8.155 

8.190 

8.225 

8.260 

8,295 

8.330 

8.365 

8 

9.200 

9.240 

9.280 

9.320 

9.360 

9.400 

9.440 

9.480 

9.520 

9.560 

9 

10.350 

10.395 

10.440 

10.485 

10.530 

10.575 

10.620 

10.665 

10.710 

10.755 

1 

1.200 

1.205 

1.210 

1.215 

1.220 

1.225 

1.230 

1.235 

1.240 

1.245 

2 

2,400 

2.410 

2.420 

2.430 

2.440 

2.450 

12.460 

2.470 

2.480 

2,490 

3 

3 600 

3.615 

3.630 

3.645 

3.660 

3.675 

3.690 

3.705 

3.720 

3.735 

4 

4.800 

4,820 

4.840 

4.860 

4.880 

4.900 

4.920 

4.940 

4.960 

4.980 

5 

6.000 

6.025 

6.050 

6.075 

6.100 

6.125 

6.150 

6.175 

6.200 

6.225 

6 

7.200 

7.230 

7,260 

7.290 

7.320 

7.350 

7.380 

7.410 

7.440 

7.470 

7 

8.400 

8.435 

8.470 

8.505 

8.540 

8.575 

8.610 

8.645 

8.680 

8.715 

8 

9.600 

9.640 

9.680 

9.720 

9.760 

9.800 

9.840 

9.880 

9.920 

9.960 

9 

10 800 

10.845 

10.890l: 

10.935 1 

10.980 ; 

11.025 1 

11.070 ; 

11.115 : 

11.160 : 

11.205 



TABLES FOR VERIFYING COLORIMETRIC CALCULATIONS 


65 


I'ABI.E Wl—Contimicd 


I) 


O.C 

0.1 

0,2 

0.3 

0.4 

0.5 

0.6 

0.7 

0,8 

0.9 


i 1 

1 . 250 

1.255 

1.260 

1.265 

1.270 

1.275 

1.280 

1.285 

1 . 290 

1.295 


i 2 

2.50C 

2.510 

2.520 

2.530 

2.540 

2.550 

2.560 

2.. 570 

2.580 

2 . 590 


i 5 

3.750 

3 . 765 

3 . 780 

3.795 

3.810 

3.825 

3.840 

3.855 

3 . 870 

3.885 


; 4 

5.000 

5.020 

5.040 

5.060 

5.080 

5.100 

5.120 

5.140 

5.160 

5.180 

25 • 

! 5 

6 . 250 

6.275 

6.300 

6.325 

6.350 

6.375 

6.400 

6.425 

6.450 

6.475 


6 

7.500 

7.530 

7.560 

7.590 

7.620 

7.650 

7.680 

7.710 

7,740 

7.770 


1 7 

8 . 750 

8 . 785 

8.820 

8.855 

8.890 

8.925 

8.960 

8.995 

9.030 

9.065 


: 8 

10.000 

10.040 

10.080 

10.120 

10.160 

10.200 

10.240 

10.280 

10.320 

10.360 


9 

1 1 . 250 

1 1 . 295 

11.340 

11.385 

11.430 

11.475 

11.520 

11.565 

11,610 

11.655 


1 

1 . 300 

1.305 

1.310 

1.315 

1 .320 

1.325 

1.330 

1.335 

1.340 

1.345 


2 

2.600 

2.610 

2.620 

2.6.30 

2.640 

2.6.50 

2.660 

2.670 

2.680 

2.690 


■ 5 

3 . 900 

3.915 

3.930 

3.945 

3.960 

3.975 

3.990 

4.005 

4.020 

4.035 


4 

5 . 200 

5.220 

5.240 

5.260 

5.280 

5.300 

5.320 

5.340 

5.360 

5.380 

26 

5 

6.500 

6.525 

6.. 550 

6.575 

6.600 

6.625 

6.650 

6.675 

6.700 

6.725 


6 

7 . 800 

7.830 

7.860 

7.890 

7.920 

7.950 

7.980 

8.010 

8.040 

8.070 


7 

9.100 

9.135 

9.170 

9.205 

9.240 

9,275 

9.310 

9.. 345 

9.380 

9.415 


8 

10.400 

10.440 

10.480 

10.520 

10.560 

10.600 

10.640 

10.680 

10.720 

10.760 


9 

11.700 

1 1 . 745 

11.790 

11.835 

11.880 

11.925 

11.970 

12.015 

12.060 

12.105 


1 

1 .350 

1.355 

1.360 

1.365 

1.370 

1.375 

1.380 

1.385 

1.390 

1.395 


2 

2 . 700 

2.710 

2.720 

2.7.30 

2.740 

2.750 

2.760 

2.770 

2,780 

2 . 790 


3 

4,050 

4.065 

4.080 

4,095 

4.110 

4.125 

4.140 

4.155 

4.170 

4.185 


4 

5.400 

5.420 

5.440 

5.460 

5.480 

5., 500 

5.520 

5.540 

5.560 

5.580 

27 

5 

6 . 750 

6.775 

6,800 

6.825 

6.850 

6.875 

6.900 

6.925 

6,950 

6,975 


6 

8.100 

8.130 

8.160 

8.190 

8.220 

8.250 

8,280 

8.310 

8.340 

8,370 


7 

9.450 

9,485 

9.. 520 

9.5.55 

9.590 

9.625 

9.660 

9.695 

9.730 

9.765 


8 

10.800 

10.840 

10.880 

10.920 

10.960 

11.000 

11.040 

11.080 

11.120 

11.160 


9 

12.150 

12,195 

112.240 

12.285 

12.3.30 

12.375 

12.420 

12.465 

12.510 

12.555 


1 

1 .400' 

1.405 

1.410 

1.415 

1.420 

1.425 

1.4.30 

1.435 

1.440 

1,445 


2 

2 , 800 

2.810 

2.820 

2.8.30 

2.840 

2.850 

2.860 

2.870 

2 . 880 

2,890 


3 

4.200 

4.215 

4.230 

4.245 

4.260 

4.275 

4.290 

4.. 305 

4.320 

4.335 


4 

5,600' 

5.620 

5.640 

5.660 

5.680 

5.700 

5.720 

5.740 

5.760 

5.780 

28 ■ 

.5 

7 . 000 

7.025 

7.050 

1 7.075 

7.100 

7.125 

7.1.50 

7.175 

7.200 

7.225 


6 

8.400 

8.430 

8.460 

8.490 

8.520 

8.550 

8 .. 580 

8.610 

8.640 

8.670 


7 

9 , 800 

9.835 

9.870 

1 9.905 

9.940 

9.975 

10.010 

10.045 

10,080 

10.115 


8 

1 1 . 200 

11.240 

11.280 

11.320 

11.360 

11.400 

11.440 

11,480 

11.520 

11.560 


9 

12.600 

12,645 

12.690 

12.735 

12.780 

12.825 

12.870 

12.915 

12.960 

13,005 


1 

1 .450 

1 ,455^ 

1,460 

1.465 

1.470 

1.475 

1.480 

1.485 

1.490 

1.495 


2 

2 . 900 

2.910 

2,920 

2.9.30 

2.940 

2.950 

2.960 

2.970 

2.980 

2.990 


3 

4 . 350 

4,365 

4.. 380 

4.. 395 

4.410 

4.425 

4.440' 

4.455 

4.470 

4.485 


4 

5.800 

5 . 820 

5.840 

5.860 

5.880 

5.900 

5.920 

5.940 

5.960 

5.980 

29 ■ 

5 

7.250 

7.275 

7.300 

7.325: 

7.350 

7.375 

7.400 

7.425; 

7,450 

7.475 


6 

8.700 

8.730 

8,760 

8.790 

8.820 

8.850 

8.880 

8.910 

8.940 

8.970 


7 

10.150 

10.185 

10.220 

10.255 

10.290 

10.325 

10.360 

10.395 

10.430 

10,465 


8 

11.600 

11,640 

11.680 

11.720 

11.760! 

11.800 

11.840 

11.880 

11.920 

11.960 


9 

13.050 

13.095 

13.140 

13.185 

13.230 

13.275 

13.320 

13,365 

13.410 

13.455 

f 

1 

1.500 

1.505 

1,510 

1.515 

1.520 

1.525 

1.530 

1.535 

1.540 

1.545 


2 

3 . 000 

3.010 

3,020 

3.030 

3.040 

3,050 

3.060 

3.070 

3.080 

3.090 


3 

4.500 

4.515 

4,5.30 

4,545 

4.560 

4.575 

4.590 

4.605 

4,620 

4.635 


4 

6.000 

6.020 

6.040 

6.060 

6.080 

6.100 

6.120 

6.140 

6,160 

6.180 

30 ■ 

5 

7.500 

7,525 

7.550 

7.575 

7.600 

7.625 

7.650 

7,675 

7.700 

7.725 


6 

9.000 

9 . 030 

9,060 

9,090 

9.120 

9.150 

9.180 

9.210 

9.240 

9.270 


7 

10.500 

10.535 

10,570 

10.605 

10.640 

10.675 

10.710 

10.745 

10.780 

10.815 


8 

12.000 

12,040 

12.080 

12.120 

12.160 

12.200 

12.240 

12.280 

12.320 

12.360 


9 

13 500 

13.545 

13.590 

13,635 

13.680 

13.725 

1.3,770 

13.815 

13.860 

13.905 


* The integral parts of the dividends. D, are shown in the first column, and the fractional parts 
at the top of the. page. The constant factors, C. are shown in the second column, and products arc 
opposite them in each case, under the appropriate fractional part of the dividend. Values from 
0.00 1 to 1000 times as great are obtained by moving the decimal point. 
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CALCULA'I'ION OF RESULTS 


TABLE IV 


Values for Dividends Divided by 25 and Mui.tipi.ied by I to 9 
When ('olorimeter Readinos Rance from 16.0 to 57.9 


■ D 

C 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 



1 

0.640 

0.644 

0..648 

0.652 

0.656 

0.660 

0.664 

0.668 

0.672 

0.676 



2 

1 . 280 

1 . 288 

1.296 

1.304 

1 .312 

1 .320 

1 .328 

1 .3.56 

1..544 

1..352 



5 

1 . 920 

1.932 

1.944 

1.9.56 

1.968 

1.980 

1.992 

2.004 

1.016 

2.028 



4 

2 . 560 

2.576 

2.592 

2.608 

2.624 

2.640 

2.656 

2.672 

2,688 

2.704 

16 


5 

3 . 200 

3 . 220 

3.240 

3.260 

3.280 

3.300 

3.320 

3.340 

3.360 

3,380 



6 

3.840 

3.864 

3 . 888 

3.912 

3.9,36 

3 . 960 

3.984 

4 . 008 

4.032 

4.056 



7 

4,480 

4.508 

4.536 

4.564 

4.592 

4.620 

4.648 

4.676 

4.704 

4,732 



8 

5 . 1 20 

5.152 

5.184 

5.216 

5.248 

5 . 280 

5.312 

5.. 544 

5.376 

5.408 



9 

5 , 760 

5 , 796 

5.832 

5.868 

5,904 

5.940 

5.976 

6.012 

6.048 

6.084 



1 

0.680 

0,684 

0.688 

0.692 

0.696 

0.700 

0.704 

0.708 

0.712 

0.716 



2 

1.360 

1 .368 

1.376 

1..584 

1..392 

1.400 

1 . 408 

1.416 

1.424 

1.432 



5 

2.040 

2.052 

2.064 

2.076 

2.088 

2.100 

2.112 

2.124 

2.1.36 

2.148 



4 

2 . 720 

2.736 

2.752 

2.768 

2.784 

2 . 800 

2.816 

2.832 

2.848 

2.864 

17 


5 

3.400 

3.420 

3.440 

3.460 

3.480 

3 . 500 

3.520 

3 . .540 

3.560 

3.580 



6 

4.080 

4.104 

4.128 

4.1.52 

4.176 

4.200 

4.224 

4.248 

4.272 

4,296 



7 

4.760 

4 . 788 

4,816 

4.844 

4.872 

4.900 

4.928 

4.956 

4,984 

5.012 



8 

5.440 

5.472 

5.504 

.5 . 536 

5.. 568 

5.600 

5.632 

5.664 

5.696 

5.728 



9 

6.120 

6. 156 

6.192 

6.228 

6 . 264 

6 . 300 

6.336 

6.372 

6.408 

6.444 



1 

0.720 

0.724 

0.728 

0.7.32 

0.736 

0.740 

0.744 

0,748 

0.752 

0.756 



2 

1.440 

1.448 

1.456 

1.464 

1.472 

1.480 

1.488 

1.496 

1,504 

1.512 



5 

2.160 

2. 172 

2.184 

2.196 

2 , 208 

2 . 220 

2 . 232 

2 . 244 

2.256 

2,268 



4 

2 , 880 

2.896 

2.912 

2 . 928 

2.944 

2.960 

2.976 

2 , 992 

3 , 008 

3.024 

18 


5 

3 , 600 

3.620 

3.640 

3.660 

3.680 

3 . 700 

3.720 

i 3.740 

3.760 

3 . 780 



6 

4.320 

4.344 

4.368 

4.392 

4.416 

4.440 

4.461 

4.488; 

4.512 

4.. 536 



7 

5.040 

5,068 

5.096 

5.124 

5.152 

5.180 

5 . 208 

5 . 2.56 

5 . 264 

5.292 



8 

5.760 

5 . 792 

5.824 

5.8.56 

5 . 888 

5 , 920 

5.952 

5.984 

6.016 

6.048 



9 

6.480 

6.516 

6.552 

6.588 

6.624 

6.660 

6.696 

6.732 

6.768 

6.804 


1 

0.760 

0.764 

0.768 

0.772 

0.776 

0.780 

0.784 

0.788 

0.792 

0.796 


2 

1.520 

1 .528 

l,.536 

1.544 

1.552 

1 . .560 

1.568 

1,576 

1..584 

1.592 


! 

2 . 280 

2 292 

2.304 

2.316 

2,328 

2 . 340 

2,352 

2,364 

2.376 

2.388 


, 4 

3.040 

3’ 0.56 

3.072 

3.088 

3.104 

3.120 

3. 1.56 

3.152 

3,168 

3.184 

19 


5 

3 , 800 

3.820 

3.840 

3 . 860 

3 . 880 

3.900 

3 . 920 

.5 . 940 

3.960 

3.980 



6 

4.560 

4,584 

4.608 

4,6.32 

4.6.56 

4.680 

4.704 

4.728 

4.752 

4.776 



7 

5.320 

5.348 

5.376 

5.404 

5.4.32 

5.460 

5.488 

5.516 

5.544 

5.572 



8 

6.080 

6.112 

6.144 

6.176 

6.208 

6.240 

6.272 

6.. 504 

6.336 

6.368 



9 

6.840 

6.876 

6.912 

6.948 

6.984 

7.020 

7.056 

7 . 092 

7.128 

7.164 

f 

1 

0 . 800 

0.804 

0.808 

0.812 

0.816 

0.820 

0.824 

0 , 828 

0.832 

0 836 



2 

1 .600 

1 .608 

1.616 

1.624 

1.632 

1 .640 

1 .648 

1 .656 

1 .664 

1,672 



3 

2.400 

2,412 

2.424 

2.4.36 

2.448 

2.460 

2.472 

2.484 

2.496 

2.508 



4 

3 , 200 

3.216 

3.2.52 

3.248 

3.264 

3.280 

3.296 

3.312 

.5,328 

3.344 

20 


5 

4.000 

4.020 

4.040 

4.060 

4.080 

4.100 

4,120 

4.140 

4 160 

4.180 



6 

4.800 

4 . 824 

4.848 

4.872 

4.896 

4.920 

4.944 

4 . 968 

4 . 992 

5.016 



7 

5.600 

5,628 

5.6.56 

5.684 

5.712 

5 . 740 

5 . 768 

5 . 796 

5.824 

5.852 



8 

6.400 

6,432 

6.464 

6,496 

6.528 

6.560 

6,592 

6,624 

6 656 

6.688 



9 

7.200 

7.236 

7.272 

7,308 

7.344 

7.380 

7.416 

7.452 

7.488 

7,524 
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TAB LE I V — Coiiliniicd 


0 

C 

0.0 

0,1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 



1 

0,840 

0.844 

0.848 

0.852 

0 . 8.56 

0.860 

0,864 

0.868 

0.872 

0.876 



9 

1 .680 

1.688 

1.696 

1.704 

1.712 

1.720 

1.728 

1.736 

1,744 

1.752 



3 

2.520 

2.532 

2.544 

2.556 

2.568 

2.580 

2.592 

2.604 

2.616 

2.628 



4 

3,360 

3.376 

3.392 

3.408 

3.424 

3.440 

3 . 4.56 

3.472 

3.488 

3,504 

21 


5 

4.200 

4,220 

4.240 

4.260 

4.280 

4.300 

4.320 

4.340 

4.. 360 

4.. 380 



6 

5.040 

5.064 

5.088 

5.112 

5.136 

5.160 

5.184 

5.208 

5 . 2.32 

5,256 



7 

5 . 880 

5.908 

5 . 9.36 

5.964 

5.992 

6.020 

6.048 

6.076 

6.104 

6.132 



8 

6.720 

6,752 

6.784 

6.816 

6.848 

6.880 

6.912 

6.944 

6.976 

7.008 



9 

7.560 

7.596 

7.632 

7.668 

7.704 

7.740 

7.776 

7.812 

7.848 

7.884 



1 

0,880 

0,884 

0.888 

0.892 

0.896 

0,900 

0.904 

0.908 

0.912 

0,916 



2 

1.760 

1.768 

1.776 

1.784 

1.792 

1.800 

1.808 

1.816 

1.824 

1.832 



3 

2,640 

2.652 

2.664 

2.676 

2,688 

2.700 

2.712 

2.724 

2 . 736 

2.748 



4 

3,520 

3.536 

3.552 

3.568 

3., 584 

3 600 

3.616 

3.632 

3 . 548 

3.664 

22 


5 

4.400 

4.420 

4.440 

4.460 

4.480 

4. 500 

4.520 

4.540 

4.560 

4.580 



6 

5 . 280 

5 . 304 

5,328 

5.352 

5,376 

5.400 

5.424 

5.448 

5.472 

5.496 



7 

6.160 

6.188 

6.216 

6.244 

6.272 

6. 300 

6.328 

6 . 3,56 

6,384 

6.412 



8 

7.040 

7,072 

7.104 

7 . 1.36 

7.168 

7 . 200 

7 . 232 

7.264 

7.296 

7,328 



9 

7.920 

7,956 

7.992 

8.028 

8.064 

8.100 

8.136 

8.172 

8 , 208 

8.244 



1 

0,920 

0.924 

0.928 

0 , 9.32 

0.936 

0.940 

0.944 

0.948 

0.952 

0 . 9.56 



2 

1,840 

1,848 

1,856 

1.864 

1.872 

1,880 

1.888 

1.896 

1.904 

1.912 



3 

2 . 760 

2.772 

2.784 

2 . 796 

2.808 

2.820 

2.832 

2.844 

2 . 8.56 

2,868 



4 

3.680 

3.696 

3.712 

3.728 

3 . 744 

3.760 

3.776 

3.792 

3.808 

3.824 

23 


5 

4.600 

4.620 

4.640 

4.660 

4.680 

4.700 

4.720 

4.740 

4.760 

4.780 



6 

5.520 

5.544 

5.568 

5.. 592 

5.616 

5.640 

5.664 

5.688 

5.712 

5,736 



7 

6,440 

6.468 

6 496 

6.524 

6.552 

6.580 

6.608 

6 , 6.36 

6.664 

6.692 



8 

7 , 360 

7.392 

7.424 

7 . 4,56 

7.488 

7.520 

7.552 

7.584 

7.616 

7.648 



9 

8 . 280 

8.316 

8.352 

8.388 

8.424 

8.460 

8.496 

8.532 

8.568 

8.604 



1 

0,960 

0.964 

0.968 

0.972 

0.976 

0.980 

0.984 

0 . 988 | 

0.092 

0.996 



2 

1.920 

1.928 

1 , 9.36 

1 .944 

1.952 

1 .960 

1.968 

1 . 976 ; 

I . 984 { 

1 . 992 



3 

2,880 

2,892 

2.904 

2.916 

2.928 

2.940 

2 . 9.52 

2.9641 

2.976 

2 . 988 



4 

3 . 840 

3.856 

3.872 

3.888 

3.904 

3.920 

3 . 936 ' 

3.9521 

3.968 

3.984 

24 « 


5 

4,800 

4,820 

4.840 

4.860 

4.880 

4.900 

4.920 

4.940 

4.960 

4.980 



6 

5.760 

5 . 784 

5.808 

5.832 

5.856 

5.880 

5.904 

5.9281 

5 , 952 ! 

5.976 



7 

6,720 

6,748 

6.776 

6,804 

6 832 

6.860 

6.888 

6.9161 

6.944 

6.972 



8 

7.680 

7.712 

7.744 

7.776 

7.808 

7.840 

7.8721 

7.904 

7.9361 

7.968 



9 

8.640 

8.676 

8.712 

8.748 

8.784 

8.820 

8.856 

8.892 

8.928 

8.964 



1 

1.000 

1,004 

1,008 

1.012 

1.016 

1 .020 

1.024 

1.028 

1,032 

1.036 



2 

2.000 

2.008 

2.016 

2.024 

2.032 

2.040 

2.048 

2 . 0.56 

2.064 

2.072 



3 

3.000 

3.012 

3.024 

3.036 

3.048 

3.060 

3.072 

3.084 

3.096 

3.108 



4 

4,000 

4,016 

4.032 

4.048 

4.064 

4.080 

4.096 

4.112 

4.128 

4.144 

25 ^ 


5 

5 , 000 

5.020 

5.040 

5.060 

5.080 

5.100 

5.120 

5,140 

5.160 

5.180 



6 

6.000 

6.024 

6.048 

6.072 

6.096 

6.120 

6.144 

6.168 

6,192 

6.216 



7 

7.000 

7,028 

7 . 0.56 

7.084 

7.112 

7.140 

7,168 

7, *196 

7.224 

7.252 



8 

8.000 

8.032 

8.064 

8,096 

8.128 

8.160 

8.192 

8.224 

8 . 2.56 

8.288 



9 

9.000 

9.036 

9.072 

9.108 

9.144 

9.180 

9.216 

9.252 

9.288 

9.324 



1 

1 .040 

1.044 

1.048 

1.052 

1,056 

1.060 

1.064 

1.068 

1,072 

1.076 



2 

2.080 

2.088 

2.096 

2.104 

2.112 

2.120 

2.128 

2 . 1.36 

2.144 

2.152 



3 

3.120 

3 , 1.32 

3.144 

3.156 

3.168 

3.180 

3.192 

3.204 

3.216 

3,228 



4 

4.160 

4,176 

4,192 

4.208 

4.224 

4,240 

4 . 2.56 

4,272 

4.288 

4.. 304 

26 < 


5 

5.200 

5,220 

5.240 

5.260 

5.280 

5.300 

5.320 

5.340 

5. 360 

5.380 



6 

6.240 

6.264 

6.288 

6.312 

6. 336 

6. 360 

6.. 384 

6.408 

6,432 

6.456 



7 

7.280 

7.308 

7 . 3.36 

7.. 364 

7.392 

7.420 

7.448 

7,476 

7.. 504 

7.532 



8 

8.320 

8.352 

8.384 

8.416 

8.448 

8.480 

8.512 

8,. 544 

8.576 

8,608 



9 

9.360 

9,396 

9 , 4.32 

9.468 

9.504 

9.540 

9. 576 

9,612 

9.648 

9.684 
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CALCULATION OF RFSULl'S 


TABLK lV~Continucd 


D 


27 


28 


30 


31 


32 


I 


C ’ 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0,9 

1 

1 . 080 

1.084 

1.088 

1.092 

1.096 

1 . 100 

1.104 

1.108 

1,112 

1.110 

2 

2.160 

2.168 

2.176 

2. 184 

2.192 

2 . 200 

2.208 

2.216 

2.224 

2 . 232 

3 

3 . 240 

3.252 

3.264 

3.276 

3.288 

3.300 

3.312 

3.324 

3.336 

3.348 

4 

4.320 

4.336 

4.352 

4.368 

4.384 

4.400 

4.416 

4.432 

4.448 

4.464 

5 

5.400 

5.420 

5.440 

5.460 

5.480 

5.500 

5.520 

5.540 

5 . 560 

5.580 

6 

6.480 

6 . 504 

6.528 

6.552 

6.576 

6.600 

6.624 

6.648 

6,672 

6.696 

7 

7 . 560 

7.588 

7.616 

7.644 

7.672 

7.700 

7.728 

7.756 

7.784 

7.812 

8 

8.640 

8.762 

8.704 

8.736 

8.768 

8.800 

8.832 

8.864 

8.896 

8 . 928 

y 

9,720 

9.756 

9.792 

9.828 

9.864 

9.900 

9.936 

9,972 

10.008 

10.044 

1 

1.120 

1.124 

1.128 

1.132 

1 . 136 

1 . 140 

1.144 

1 . 148 

1.152 

1.156 

2 

2 . 240 

2.248 

2.256 

2.264 

2.272 

2.280 

2.288 

2.296 

2.304 

2.312 

3 

3.360 

3 . 372 

3.384 

3.. 396 

3.408 

3.420 

3.432 

3.444 

3.456 

3.468 

4 

4.480 

4.496 

4.512 

4.528 

4.544 

4.. 560 

4.576 

4.592 

4.608 

4.624 

5 

5.600 

5.620 

5.640 

5.660 

5.680 

5 . 700 

5 . 720 

5 . 740 

5 . 760 

5 , 780 

6 

6.720 

6.744 

6.768 

6.792 

6.816 

6.840 

6.864 

6.888 

6.912 

6 . 936 

7 

7,840 

7.868 

7.896 

7.924 

7.952 

7.980 

8.008 

8 . 0.56 

8.064 

8.092 

8 

8.960 

8.992 

9.024 

9.056 

9.088 

9.120 

9.152 

9.184 

9.216 

9.248 

9 

10.080 

10.116 

10.152 

10.188 

10.224 

10.260 

10.296 

10.332 

10.368 

10.404 

1 

1.160 

1.164 

1 . 168 

1.172 

1.176 

1.180 

1.184 

1.188 

1,192 

1 . 196 

2 

2.320 

2.328 

2.. 336 

2.344 

2 . 352 

2.360 

2.368 

2.376 

2.. 384 

2 . 392 

3 

3,480 

3.492 

3.504 

3.516 

3.528 

3.540 

3.552 

3.564 

3.576 

3.588 

4 

4.640 

4.656 

4.672 

4.688 

4.704 

4.720 

4.736 

4.752 

4.768 

4.784 

5 

5.800 

5.820 

5.840 

5 . 860 

5.880 

5 . 900 

5.920 

5 , 940 

5.960 

5.980 

6 

6.960 

6.984 

7.008 

7.032 

7 . 0.56 

7 . 080 

7.104 

7.128 

7.152 

7.176 

7 

8.120 

8.148 

8.176 

8.204 

8.232 

8.260 

8 . 288 

8.316 

8.344 

8.372 

8 

9.280 

9.312 

9.344 

9.376 

9.408 

9.440 

9.472 

9.504 

9 . 5.36 

9.568 

9 

10,440 

10.476 

10.512 

10.548 

10.584 

10.620 

10.656 

10,692 

10.728 

10.764 

1 

1.200 

1.204 

1.208 

1.212 

1.216 

1.220 

1.224 

1.228 

1.232 

1 , 236 

2 

2.400 

2.408 

2.416 

2.424 

2 . 432 

2.440 

2.448 

2.456 

2 . 464 i 

2.472 

3 

' 3.600 

3.612 

3.624 

. 3.636 

3.648 

. 3.660 

3.672 

3.684 

3.696 

3 , 708 

4 

4.800 

4.816 

4.832 

4.848 

4.864 

4.880 

4 . 896 

4.912 

4,928 

4.944 

5 

6.000 

6.020 

6.040 

6.060 

6.080 

6. 100 

6.120 

6.140 

6 . 160 | 

6.180 

6 

7.200 

7.224 

7.248 

7.272 

7 . 296 

7.320 

7.344 

7.368 

7.392 

7.416 

7 

8.400 

8.428 

8.456 

8 . 484 : 

8.512 

8.540 

8 . 568 ; 

8.596 

' 8.624 

8.652 

8 

9,600 

1 9.632 

9.664 

9.696 

9 . 728 

9.760 

9 . 792 ; 

9.824 

■ 9 . 8.56 

9.888 

9 

10.8001 

10.836 

10.872 

10.908 

10.944 

10.980 

11.016 

11.052 

[ 

' ll . 088 

1 

11.124 

1 

1.240 

1.244 

1.248 

1.252 

1.256 

1.260 

1 . 264 

! 1.268 

' 1.272 

1.276 

2 

2.480 

2.488 

2.496 

1 2.504 

2.512 

2.520 

2.528 

2.536 

2.544 

2.552 

3 

3.720 

3.732 

3.744 

1 . 3.756 

3.768 

3.780 

3 . 792 

3,804 

3.816 

3.828 

4 

4.960 

4.976 

4.992 

1 5.008 

5.024 

5.040 

5.056 

5,072 

5.088 

5.104 

5 

6.200 

6.220 

6.240 

6.260 

6.280 

6.300 

6.320 

6.340 

6,. 360 

6,380 

6 

7.440 

7.464 

7.488 

! 7.512 

7.536 

7.560 

1 7.584 

7,608 

7.632 

7 , 6.56 

7 

^.680 

8.708 

8.736 

! 8.764 

8.792 

8.820 

8.848 

8.876 

8.904 

8,932 

8 

9.920 

9.952 

9.984 

10.016 

10.048 

10.080 

( 10.112 

10.144 

10,176 

10.208 

9 

11.160 

11.196 

11.232 

11.268 

11.304 

11.340 

11.376 

11.412 

11.448 

11.484 

1 

1 . 280 

1.284 

1.288 

1.292 

1.296 

1.300 

1.304 

! 1,308 

1.312 

1.316 

2 

2.560 

2.568 

2.576 

2.584 

2.592 

2.600 

2.608 

2,616 

2.624 

2,632 

3 

3.840 

3.852 

3.864 

3.876 

3.888 

3.900 

3.912 

3.924 

3.936 

3.948 

4 

5.120 

5.136 

5.152 

5.168 

5.184 

5.200 

5.216 

5.232 

5.248 

5.264 

5 

6.400 

6.420 

6.440 

6.460 

6.480 

6.500 

6.520 

6.540 

6.560 

6.580 

6 

7.680 

7.704 

7.728 

7.752 

7.776 

7.800 

7.824 

7.848 

7.872 

7.896 

7 

8.960 

8.988 

9.016 

9.044 

9.072 

9.100 

9.128 

9.156 

9.184 

9,212 

8 

10.240 

10.272 

10.304 

10.336 

10.368 

10.400 

10.432 

10.464 

10,496 

10.528 

9 

11.520 

11.556 

11.592 

11.628 

11.664 

11.700 

11.736 

11.772 

11.808 

1 1 , 848 
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TABLE 1 \' — Continued 


I) 

c 

0.0 

0.1 

0,2 

0.3 

0,4 

0.5 

0.6 

0.7 

0.8 

0.9 



1 

1.320 

1.324 

1.328 

1.3.32 

1.336 

1.340 

1.344 

1.348 

1.352 

1.356 



2 

2.640 

2.648 

2.656 

2.664 

2.672 

2.680 

2.688 

2.696 

2.704 

2.712 



3 

3.960 

3.972 

3.984 

3.996 

4.008 

4,020 

4.032 

4.044 

4.056 

4.068 



4 

5 . 280 

5.296 

5.312 

5.328 

5.344 

5.. 360 

5.376 

5.392 

5.408 

5.424 

33 


5 

6.600 

6.620 

6.640 

6.660 

6.680 

6.700 

6.720 

6.740 

6.760 

6,780 



6 

7.920 

7.944 

7.968 

7.992 

8.016 

8.040 

8.064 

8.088 

8.112 

8.136 



7 

9.240 

9.268 

9.296 

9.. 324 

9.352 

9.. 380 

9.408 

9.4.36 

9.464 

9,492 



S 

10.560 

10.592 

10.624 

10.656 

10.688 

10.720 

10.752 

10.784 

10.816 

10.848 



9 

1 1.880; 11. 9 16 

11.952 

11.988 

12.024 

12.060 

12.096 

12.1.32 

12.168 

12.204 



1 

1 . 360 

1,364 

1.368 

1.372 

1.376 

1 .380 

1.384 

1..388 

1.392 

1.396 



2 

2.720 

2.728 

2 . 736 

2.744 

2.752 

2.760 

2.768 

2.776 

2.784 

2.792 



3 

4 . 080 

4,092 

4.104 

4.116 

4.128 

4.140 

4.152 

4.164 

4.176 

4.188 



4 

5.440 

5.456 

5.472 

5.488 

5.504 

5.. 520 

5.. 5.36 

5.552 

5,568 

5.584 

34 • 


5 

6,800 

6.820 

6.840 

6.860 

6.880 

6.900 

6.920 

6.940 

6.960 

6.980 



6 

8,160 

8.184 

8.208 

8.2.32 

8.2.56 

8.280 

8.304 

8.. 328 

8.352 

8.376 



7 

9,520 

9.548 

9.576 

9.604 

9.632 

9.660 

9.688 

9.716 

9.744 

9.772 



H 

10.880 

10.912 

10.944 

10.976 

11.008 

11.040 

11.072 

11.104 

11.136 

11.168 


, 

9 

12.240 

12.276 

12.312 

12.. 348 

12.384 

12.420 

12.4.56 

12.492 

12.528 

12.564 



1 

1.400 

1 .404 

1,408 

1,412 

1.416 

1.420 

1.424 

1.428 

1.432 

1.4.36 


2 

2 . 800 

2.808 

2.816 

2.824 

2.832 

2.840 

2.848 

2.856 

2.864 

2.872 


1 3 

4 . 200 

4.212 

4 . 224 

4.236 

4.248 

4.260 

4.272 

4.284 

4 . 296 

4.308 


I 4 

5.600 

5.616 

5.632 

5.648 

5.664 

5.680 

5.696 

5.712 

5.728 

5.744 

35 

i 

7.000 

7.020 

7.0401 

7.0601 7.080 

7.100 

7.120 

7.140^ 

7.160 

7.180 



8.400 

8.424 

8.448 

8.472 

8.496 

8.520 

8 .. 544 

8.568 

8,592 

8,616 


i 7 

9 . 800 

9 , 828 

9.856 

9.884 

9.912 

9.940 

9,968 

9.996 

10,024 

10.052 


1 

11.200 

11.232 

11,264 

11.296 

11.328 

11.360 

11. 392 

11.424 

11.456 

11.488 


9 

12.600 

12,636 

12.672 

12.708 

12.744 

12.780 

12.816 

12.852 

12.888 

12.924 



1.440 

1.444 

1.448 

1.452 

1.456 

1.460 

1.464 

1,468 

1.472 

1.476 


i 2 

2.880 

2,888 

2.896 

2.904 

2.912 

2 . 920 

2.928 

2.9.36 

2.944 

2.952 


■ 3 

4.320 

4. 332 

4.344 

4.. 3.56 

4,. 368 

4.380 

4.. 392 

4.404 

4.416 

4.428 


: 4 

5 . 760 

5,776 

5.792 

5.808 

5.824 

5.840 

5.8.56 

5.872 

5.888 

5,904 

36 ■ 


5 

7 , 200 

7 . 220 

7.240 

7.260 

7.280 

7,300 

7.320 

7.340 

7.. 360 

7.380 



6 

8.640 

8.664 

8.688 

8.712 

8.7.36 

8.760 

8.784 

8.808 

8.832' 

8.856 



7 

10.080' 

10,108 

10.136 

10.164 

10.192 

10,220 

10.248 

10,276 

10.304 

10,. 33 2 



8 

11.520' 

11.. 55 2 

11 ..584 

11.616 

11.648 

11.680 

11.712 

11.744 

11.776 

1 1 . 80S 



9 

12.960 

12.996 

13.032 

13.068 

13.104 

13.140 

13,176 

13.212 

13.248 

13,284 



1 

1,480; 

1.484 

1.488 

1.492 

1 ,496 

1 .500 

1 , 504 

1.508 

1.512 

1.516 



2 

2,9601 

2.968 

2.976 

2,984 

2.992 

3,000 

3.008 

3.016 

3,024 

3.032 



3 

4.440 

4.452 

4.464 

4,476 

4.488 

4.500 

4.512 

4.524 

4,5.36 

4.548 



4 

5 . 920 

5.9.36 

5.952 

5.968 

5.984 

6.000 

6.016 

6.032 

6,048 

6.064 

37 ‘ 


5 

7,400 

7.420 

7.440 

7.460 

7.480 

7.500 

7.520 

7.540 

7,560 

7.580 



6 

8 , 880 

8 . 904 

8 . 928 

8.9.52 

8.976 

9.000 

9.024 

9,048 

9,072 

9,096 



7 

10.360 

10.388 

10.416 

10.444 

10.472 

10.500 

10.528 

10.5,56 

10.584 

10.612 



8 

11.840 

11,872 

11.904 

11.9.36 

11.968 

12.000 

12.0.32 

12.064 

12.096 

12.128 



9 

13,320 13.356 

13. 392 

13.428 

13.464 

13.500 

13.536 

13,572 

13.608 

13,644 



CHAPTER IV 


COLORIMETER CALIBRATION AND CORRECTION CURVES ’ 

Beer’s law, the basis of colorimetric analysis, holds only where the 
color formations in the solutions to be compared are perfectly formed 
and stable or are the same in both solutions. In actual analytical 
work the color formation is often incomplete or unstable and the 
results then do not obey Beer’s law. In other words, change in the 
amount of color or light means a change in the amount of reaction 
product. The customary method of overcoming this error is the use 
of a calibration or a correction curve, prepared experimentally with 
solutions of known concentrations. Such curves have appeared in the 
literature and are of great value in interpreting the results of analytical 
work and in calling attention to the magnitude of the error, but they 
must not be taken literally by the reader, as Wright ^ has recently 
pointed out. Whether the dilTerent degrees of error, i.e., variations in 
the curves, are due to personal variation in matching colors that do not 
exactly match in tint, to differences among colorimeters, or to uncon- 
scious differences in technique, would be difficult to decide. It is, 
however, a simple matter to prepare such a curve, and if the average 
deviation from the mean at each concentration be calculated, a fair 
notion of the probable error of any reading may be had. The author, 
therefore, urges that a calibration or a correction curve be obtained 
for each method deviating from Beer’s law and that such graphs be not 
used by others, without verification. 

Figures 36* and 37 illustrate two ways of constructing colorimeter 
curves. The data from which the curves are constructed are given in 
Table V. Column 1 of the table gives the readings of the standards 
when the unknown solutions are set at 20 mm. This procedure elim- 
inates all but a simple mental calculation when the solution follows 
Beer’s law, and when the data are plotted they yield a straight line 

^ This chapter was written with the assistance of Philip Adolph Kober. 

2J. Biol. Chem., 71, 209 (1926-27). 
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instead of a curve. (Figs. 36 and 37.) Column 2 gives the ratios of the 
readings of the standard to the readings of the unknowns; column 3 
contains the concentrations of the unknown in milligrams per 100 cc. 
obtained in the usual way from these readings, i.e., assuming Beer\s 
law is obeyed; while column 5 gives the actual concentrations to which 
the latter readings correspond. In column 4 the corrections are given. 



10 20 30 40 SO 60 70 80 90 100 110 120 130 

Observed values • mgs. per 100 cc. 

Fig. 37. 


In Fig. 3i the ‘‘Actual Curve,” />), is obtained by plotting the 
colorimetric readings as abscissas against the actual concentrations as 
ordinates. Theoretically the points should fall on the “ Theoretical 
Curve,” but actually such is sometimes not the case, especially if the 
concentrations of the standard and unknown solutions differ widely. 

An example will illustrate the use of the colorimeter curve (curve 
D ) : Suppose the ratio of the height of the standard to the height of the 
unknown is found to be 0.83, i.e., the height of the standard was 16.6 
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mm. when it matched the unknown kept at 20.0 mm. Find the 
amount of unknown per 100 cc. Read 16.6 on the y-axis, follow the 
horizontal line A till it intersects the “ actual curve/’ then follow the 
vertical line B till it cuts the x-axis, and read the point of intersection. 
In this case, 86.0 mg. of unknown per 100 cc. is obtained. These 
curves are drawn on a small scale for the sake of convenience, but in 
actual work they may be constructed to any scale, sufficiently large to 
obtain any desired accuracy. 


TABLE V 


Colorimeter Reading 
Standard 

(Unknown set at 20) 

Observed 

Substance, Mg. per 100 cc. 

Cor- 

rec- 

tion, 

Mg. 

per 

100 

(8) 

{K « -0,244) 

Readings, 

Actual 

(1) 

Ratio of 
H. of S. 

IL of Un. 

(2) 

Concentra- 
tion of 
Unknown, 
Mg. per 
100 cc. 

(3) 

Correction 

(4) 

Actual 

(5) 

Ob.served 

(6) 

.'Vctual 

(7) 

(3,80) 

2.50 

0.125 

12.50 

[-17. 50 

30 

30 

44 

+ 14 


3,75 

0.1875 

18.75 

16.25 

35 

35 

48 

+ 13 

(.5.8.5) 

5.00 

0,250 

25.00 

15.00 

40 

40 

52 

+ 12 


6.25 

0.3125 

31.25 

13.75 

45 

45 

56 

+ 11 

(8.18) 

7 , 50 

0.375 

37.50 

12.50 

50 

50 

60 

+ 10 


8.75 

0.4375 

43.75 

11.25 

55 

55 

64 

+ 9 

(10.30) 

10.00 

0.500 

50.00 

10.00 

60 

60 

68 

1+ 8 


11.25 

0.5625 

56.25 

8.75 

65 

65 

72 

+ 7 


12.50 

0.625 

62.50 

7.50 

70 

70 

76 

+ 6 


13.75 

0.6875 

68.75 

6.25 

75 

75 

80 

+ 5 

(15.08) 

15.00 

0.750 

75.00 

5.00 

80 

80 

84 

+ 4 


16.25 

0.8125 

81.25 

3.75 

85 

85 

88 

+ 3 


17.50 

0.875 

87.50 

2.50 

90 

90 

92 

+ 2 


18.75 

0.9375 

93.75 

1.25 

95 

95 

96 

4- 1 

(20.00) 

20.00 

1.000 

100.00 

0.00 

100 

100, ! 

100 

± 0 


21.25 

1.0625 

106.25 

-1.25 

105 

105 

104 

- 1 


22,50 

1.125 

112.50 

2.50 

110 1 

110 

108 

- 2 


23,75 

1.1875 

118.75 

3.75 

115 

115 

112 

- 3 

(25.07) 

25.00 

1.250 

125.00 

5.00 

120 

120 

116 

- 4 


26.25 

1.3125 

131.25 

6.25 

125 

125 

120 

- 5 

(27.50) 

27.50 

1,375 

137.50 

7.50 

130 

130 

124 

- 6 


II. of S. = Height of Standard 
H. of Un. = Height of Unknown. 
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TABLE VI 


Data for Curvk E , Fk ;. 36 


A ' A2 

A ' =- 0.244 

y iy:X)y^, 

A * A2 

• 

A ’ =- 0.244 

A 

y 

A 

V 

0,00 

0.00 

0.80 

15.08 

0. 10 

0.62 

0.90 

17.52 

0 . 20 

2.02 

1.00 

20.00 

0 . 30 

3 . S2 

1.10 

22.50 

0.40 

5.85 

1 . 20 

25.00 

0.30 

8.17 

1.30 

27.50 

0.60 

10.. 30 

1.40 

29.92 

0.70 

12 67 

1.48 

31,91 


The data in Tabic V may also be plotted as shown in Fig. 37 in 
which the observed values in column 6 are plotted as abscissas against 
the corrections, in column 8, as ordinates. 

There are other ways of graphically recording colorimetric data, 
but the above two figures illustrate the more common forms of colorim- 
eter curves. It should be mentioned that in Table V the author has 
I)urposely used data which give large corrections (except near identical 
concentration of unknown and standard). This has been done in 
order to bring out more strikingly the colorimeter curve. 

For precision work each color formation should be calibrated 
throughout the dilutions likely to be met with in actual work. This is 
necessary not only to eliminate any errors of the instrument or of the 
solvent and any idiosyncrasies of the observer, but also to check the 
completion of the color formation at each dilution. While the amount 
of color from a given quantity of colored substance is the same in 
accordance with Beer’s law, yet the colorimetric analyst is primarily 
concerned not with checking Beer’s law but with the production of a 
colored compound at different dilutions and under different cpnditions, 
and his concern is to get the maximum colored substance in each dilu- 
tion. Unless the color formation is 100 per cent in each dilution, 
Beer’s law will not hold. In many color reactions the color formation 
falls short of completion, particularly when the reaction takes place 
in dilute solutions. Quite often, due to hydrolysis, chemical change, 
or instability, or a number of these factors, the relatively weaker solu- 
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tions have less color than the stronger solutions. In all such cases tlic 
calibration of the amount of color with the amount of substance 
becomes necessary as a prerequisite to precision work. Heretofore it 
was necessary to plot either a dilution or a correction curve. See 
Fig. 36 (curve D) and Fig. 37, respectively. But one worker in one 
laboratory would have difficulty in comparing his curve with that of 
another laboratory, because heretofore no general formula was avail- 


able to express the deviation from Beer’s law. 

1 

TABLE VIT 

Data for Fig. .^8 


Y {\-X)yK 

A’2 

X= +0.244 

Y (l-X)FX 

S_- 

X= +0.244 

X 

r 

X 

Y 

0.2 

166.6 

0.9 

18.7 

0.3 

13.95 

l.O 

20.0 

0.4 

12.60 

1.5 

27.7 

0.5 

13.23 

1.8 

32.50 

0.6 

— 

2.0 

35.65 

0.7 

15.6 

2.6 

45.3 

0.8 

— 

2.8 

49.35 


Now, it has been found that between certain limits, sufficiently 
wide for most analytical work, the nephelometric formula developed by 
Kober to show deviation from Rayleigh’s formula will serve to express 
deviation from Beer’s law, thus giving mathematical expression to 
such deviations. 

In Figs. 36 and 39, lines C represent readings obtained when the 
color is proportional to the heights of solution in accordance with 
Beer’s law. Lines D and F 2 represent a deviation when the color in 
the weaker solution is less than 100 per cent; Line E (Fig. 38), when 
the color in the stronger solution is less than 100 per cent, which may 
be the case in colored suspensions. 

__ 5 (1 - X)SK 

Kober’s formula in its original form was ^ ^ ^^2 ’ 

where F = readings of the solution (he varied the unknown or more 
dilute solution), X = the ratio of the concentrations of the two solu- 
tions, 5 = the setting or reading of the solution kept at a constant 
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Fig. 38 . 
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TABLE VIII 


Data for Curvf.s Fi and in Fi<;. .19 


X il-X)SK 

s x* 

6 = 20.0 
X = 0.244 

1-X)FA" 

X» 

Curve Fi 

CXirvc F 2 

X 

V 

X 

F 

0,30 

28.75 

0.60 

10,30 

0.35 

31.31 

0.70 

12.67 

0.40 

31.70 

0.80 

15,08 

0.45 

31 , 19 

0.90 

17.. 52 

0 . 50 

M).2A 

1 . 00 

20,00 

0 . 60 

27.01 

1.10 

22.50 

0.70 

25.60 

1 . 20 

25,00 

0.80 

23.48 

1 . 30 

27.50 

0.90 

21 .62 

1.40 

29.92 

1.00 

20.00 

1.48 

31.91 

1.10 

18.58 

1.50 

32.65 

1.20 

17.34 



1.30 

16.25 



1.40 

15.25 



1 . 50 

14.42 



1.60 

13.64 



1.70 

12.94 



1 . 80 

12.31 




law will then become a straight line. By using Kober’s formula in the 
, ^ F (1 - X)YK , . 

form curve beyond certain points also 


becomes a straight line; curves F, in Figs. 36 and 39. His formula, 
curves. F, Fi^. 39, when the concentrations of the unknown are below 
0.5 or 0.6 standard turn off into curves that do not apply, but in con- 
centration above these, the line is perfectly straight. In keeping the 
unknown reading fixed and varying the height of the standard, it 
makes for greater precision, i.e., less percentage error in measuring 
the height of the standard if these fall above the value fixed for 
the unknown. In other words, when the unknown is stronger 
than the standard, and therefore in actual work, these deviations 
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or the same deviation constant as was obtained by the first observer. 
In other words, the formula shows that in the two different tests by 
different observers the solution behaved in an identical manner. 

Note. — A number of graph sheets have been placed in the back of 
the book. It will be found convenient to use these in making calibra- 
tion and correction curves. Also, they are less likely to be lost here 
than in a loose-leaf notebook. 



CHAPTER V 


ERRORS IN COLORIMETRY 

In colorimetric analysis certain factors introducing variations and 
errors are frequently overlooked. Chief among these are variable 
sensitiveness of vision to different depths of color, the inability of many 
persons to judge colors accurately, and the bicolorcd nature of the 
solution. 

Variable Sensitiveness of Vision to Different Concentrations.— 
Horn and his co-workers ' have made an experimental study of variable 
sensitiveness in colorimetry. They used solutions of CrO^ , Cu++, 
and Cu(NH 3)4^'^ ions and showed that with equal depths at certain 
definite concentrations, the comparisons in the colorimetric determi- 
nations of these ions can be made with greater ease and accuracy than 
at other concentrations. It is held by them that this relation is a 
“ perfectly general one throughout colorimetry ” and they suggest 
that “ the curve of sensitiveness must be known in each colorimetric 
method if the method is to be used to greatest advantage and the 
results are not to be affected by errors of unknown magnitudes.” 

Imperfect SusceptibUity to Color.^— Another cause of error in 
colorimetry is due to the inability of many persons to judge colors 
accurately. Practice will do much to enable a person to make good 
color comparisons, but it can never make up for a dulled or imperfect 
susceptibility to color. Great attention should be given to this point 
and an operator should test himself thoroughly for each color 
by matching a standard against itself in several degrees of intensity. 
If he fails to obtain concordant results with a certain color, it is useless 
for him to go further with this color. In this connection it should be 
noted that a person who cannot use one method with accuracy is fre- 
quently able to use another with great precision. 

> Am Chem J 35, 253 (1906); ihid., 3fi, 195, 516 (1906); sec also J. Leuba, J. Philos- 
ophy, Psychology, Scientific Methods, 4, No. 6, 166 (1907); Yoe and Hill, J. Am. Chem. 
Soc.49, 2395 (1927). 

2 J. H. Yoe, J. Lab. Clin. Med., 13, 139 (1927.) 
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Fatigue and Eye Strain.^ — Care must be taken on the part of the 
observer to avoid fatigue and eye strain. Failure to take this pre- 
caution may introduce a serious error in otherwise excellent work. 
Especially is this precaution necessary when a long series of determina- 
tions is being made. In such a case, the use of a dark-room will aid 
greatly. Each observer must, of course, determine his capacity in 
this respect. 

“ Fallacies in Colorimetry.’’ Discussion by Dehn.^—Dehn has 

made a study of the fallacies in colorimetry ” and gives a full dis- 
cussion of them. Fortunately, most of these “ fallacies ” can be 
avoided or reduced to a satisfactory minimum and hence the reader 
should not be discouraged at such an array of possible pitfalls.” 
As a matter of fact, colorimetry offers one of the most accurate means, 
and in some cases the only means, of quantitatively measuring minute 
quantities of substances. But it is hoped that the following para- 
graphs will help to emi)hasizc the importance of studying the various 
sources of error of each colorimetric method employed. 

In most colorimetric determinations, the depth of solutions of the 
color standards are matched by various det)ths and concentrations 
of the solutions to be estimated; usually we have two columns of solu- 
tions of unequal length whose tints are matched to the limit of sensi- 
tiveness of the eye and whose solute-molecules are assumed to be the 
same in number. That the solute-molecules arc not necessarily the 
same, not only in number but also in composition, may be concluded 
from studies of (1) their different optical distributions, (2) different 
equilibria resulting from ionization, (3) different equilibria resulting 
from hydrolysis, and (4) different equilibria resulting from chromo- 
isomerization. 

Different Optical Distributions. — In respect to different optical 
distributions, four cases appear —the matched solutions may have: 

(1) Equal y^olumcs, equal depths, and ccjual cross-sections. 

(2) Fqual volumes, equal depths, and une({ual cross-sections. 

(3) Eiqual volumes, unequal dei)ths, and unequal cross-sections. 

(4) Unequal volumes, unequal depths, and unequal cross-sections. 

It will be shown that all of these geometrical conditions involve 
errors which increase from Case 1 to Case 4. 

® J. H. Yoe, loc. cU. 

^ J. Am. Chem. Soc., 39, 1392 (1917). 
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Case If, for instance, two cylinders of equal diameter are used 
and the solutions contained therein are viewed along the lines of the 
major axes, such solutions appear as truncated cones whose distant 
cross-sections arc concentric with the near and api)arently larger cross- 
section. That these identical figures may appear identical, they must 
be viewed at equal distance and the lines of the major axes must 
always intersect on the retina. '* When these conditions are met with, 
the viewed fields are identical but never homogeneous, owing to the 
fact that the near and distant surfaces of the liipiids intercet)t unequal 
lines which continue and intersect on the retina. Therefore, though 
the central portions'' of the fields may be nearly homogeneous, the areas 
between the circumferences of the two concentric circles present fields 
of color rapidly decreasing toward the outer edges. The nearer the 
eye is to the viewed cylinder of solution, the less homogeneous will the 
viewed fields become; only at great distances will the viewed vol- 
umes appear approximately homogeneous and identical. 

In a similar manner it may be shown that other forms of equal 
volumes, equal depth, and uniform cross-section involve the same 
errors. Never arc the fields of color homogeneous, for the reason that 
the near and distant bounding surfaces are ])arallel, whereas the true 
lines of vision may be conceived to radiate from the retina and become 
intercepted between the nearer and distant parallel planes, hence are 
of unequal lengths. 

Case -With forms involving equal volumes, equal depths and 
different cross-sections, as, for instance, with cones, pyramids, sectors 
of spheres and their truncated forms, it can be demonstrated in a sim- 
ilar manner that homogeneous fields cannot be obtained; only with 
frustums of hollow spheres can homogeneity' be obtained, and then 
only when the points of vision are coincidental with the spherical 


centers. 

^ Of course, the assumption is made that tlic eye operates as a point of vision, whereas 
owing to measurable widths of pupil and retina, th,- eye presents an arfia of vision. 1 lus 
condition tends to compensate the above described variations. ^ . . ., , , 

«Somc colorimeters are so constructed as to bring into juxtaposition the central 
portions of the two fields and thus to reduce to a minimum this possibility of error. 

’ Both homogeneity and identity of color are possible only when equal concentra ions 

of solute molecules are contained in cajual volunn. of the sphercdrustuni^^^^^^^ Evem 

then other constant conditions are necessary, such as concentration of Oil and II , 
temperature and intensity of illumination. ■ i , , 4 :,fnr,rf.c 

wl™ «,uar. uniform bullies o( clear fil« as eo„ta,nm« 
of many feel, the s|.liere. frustum formed is approximated, bee ]. Am. them. Soc., 36, 

407, 837 (1014). 
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Case 3. — When equal volumes of unequal^ depth are viewed longi- 
tudinally, the near cross-sections being the same or different, not only 
are homogeneity and identity of color impossible for the above-men- 
tioned reasons, but also two other physical conditions producing color 
variations arc introduced. 

Firsts the more distant solute-molecules conceivably vary in size 
inversely as the square of the distance from the point of vision. Though, 
of course, no individual molecule is visible, it is possible, though not 
demonstrable, that in near and distant viewings there may be physical 
differences produced in this manner by individual molecules or by 
molecules en masse. It is very probable, for this reason and for 
reasons given above, that the homogeneity of the viewed field is dis- 
turbed by the use of long tubes. Hence, it cannot be held that differ- 
ent columns of liquids of the same apparent tint contain the same num- 
ber of solute-molecules. 

'Fhe second physical conditions producing color variations in equal 
volumes of unequal depth is that more solute-molecules'^ ivill constantly 
be behind each other along the lines of vision in the longer columns than 
in the shorter columns. This physical difference probably affects the 
absorption of light like-colored, transparent disks of glass on a white 
field, when viewed singly or in columns of varied depths. I'he latter 
positions give darker shades of color, whereas the former, within cer- 

* Colorimeters of the immersion type involve volumes of liquids viewed as truncated 
cones. They approximate the sphere-frustum form, when the depths of colored solutions 
are small and the distances from the eye are comparatively lar/^e. However, under any 
condition, the viewed fields are not homogeneous, the outer areas being darker than the 
central areas. 

Furthermore, in colorimeters of this type, the total viewed volumes are not directly 
proportional to the movements of the near, trans-base bounding surfaces. If the eye is 
at a distance of a from thi.s nearer surface and at a distance of a b from the further 
surface, when the former, with a radius of r, is moved toward the latter a distance of c, 
the ratio of viewed volumes can be shown to be expressed by 

an(a + br - (g + m 

{a -f c)2[(a -F by - aq 

and not expressed by the ratio of b’c/b. When, for instance, c = 2, 6 = 2 and c = 1, the 
ratio of volumes is not 1 to 0.50 but 1 to 0.29 -f . Now, then, if matchings of color of the 
entire fields are made, in this case, it will be observed an error of 42 per cent is made. 

* Of course, it may be argued that the diameters of molecules arc insignificant when 
compared to the widths of intermolccular spaces and that, consequently, this physical 
influence is nil. Though perhaps nil in dilute solutions, packing of solute molecules in 
concentrated solutions certainly produces color variations, and possibly this is the most 
important cause of lack of sensitiveness to changes of concentration in deep columns or 
in solutions already very concentrated. 
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tain limits of being loosely or densely crowded, give the same shade. 
Therefore, it is not to be cxi>ected that a solution of definite concen- 
tration viewed in a certain depth will have e.xactly the same shade of 
color as that, for instance, of a solution in double concentration and 
viewed in one-half of its depth. 

Case 4 - — When unequal volumes in unequal depth and dilferent 
cross-sections are viewed in colorimeters, there are introduced not only 
all possible errors of dilferent optical distributions, and of the two pos- 
sible physical effects mentioned, but also disturbances of the three 
equilibria of ionization, hydrolysis, and isomerization. 

Disturbances of Equilibria Resulting from Ionization. -In con- 
sidering the effects of ionization on colored solutes, two conditions must 
be recognized, viz., (1) the ionization of the solute-molecules them- 
selves, and (2) the ions of the solution as affecting the solute-mole- 
cules.' For example, on the one hand, the ions yielded by methyl 
orange must be considered, and, on the other hand, the ions of acids 
and alkalies affecting methyl orange molecules must be considered. 

Opinion is almost universal that the one, the other, or both types of 
ionization affect the color of solute-molecules. However, studies' » on 
the mass action of water on dyes, and csix^cially on methyl orange, 
dearly demonstrate that color clmnscs arc prinuirily, ij not entirely, 
independent oj both types of ionization. Tn fact, it has been found t at 
the molecular states of colored solutes are largely affected by hy ro y- 
sis and this inffuence, rather than the degrees of ionization, is opera- 
tive in transforming the molecules and in proilucing color changes. 
Therefore, whether or not ionization figures at all in color changes, it is 
certain that other factors, such as the stability of the salts of the im i- 
cator, the mass influence of water, and the effects of temperature, . 

^‘''DUtmbances'rf Equilibria Resulting from Hydrolysis. Whereas, 

in colorimetry, the solutions estimated^i^^^^^^ 

comparison are almost universally assun ul to oc 

experiments show that many of them are dichromatic that is, they 

are usually bicolored, like the materials used as indicators. 

.. J. Am. Cl, cm. Soc.. 31), l.TW, IMS (m7). 

For the effects of temperature on color, sc Y 

Chem. Soc., 39, 4.56 (1909); sec also J. Am. Chem. . o ^ proRressive 

12 Some may even be considcretl to be Pj’ strong' alkaline’ concentrations, or 

changes of color from strong acid concent ra iom, to trong 
lice versa, can be showed to be mixtures of only two forms. 
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For several years (1914-17) experimental work was carried on by 
Dehn and his co-workers to estimate the variations of tints of colored 
solutes when affected by (1) acids and alkalies, (2) heat and cold, and 
(3) dilution and concentration. 

General knowledge in respect to the action of acids and alkalies on 
bicolored comi)ounds is extensive and need not be discussed here. 
This important observation must be made — at sufficienlly great dilu- 
tion, many, if not all, bicolored substances, ivhcther in acidic or in alkaline 
solutions, are of the same tint. Therefore, with indicators, not only are 
the equilibrium actions of acids and alkalies to be considered but also 
the mass action of water; in other words, the concentriition of the solu- 
tion used is not a matter of indifference in colorimetry. This was 
pointed out by Ilorn^^ and others, and later demonstrated by Dehn 
and his co-workers. ' * 

The latter workers have shown (1) that all solutions of chromates 
and dichromates above 0.007 i)er cent concentrations arc mixtures of 
the two in aqueous equilibria, (2) that .solutions of picrates above 0.001 
])cr cent concentrations are mixtures of tautomeric forms in aqueous 
equilibria, (3) that many dyes, especially those used as indicators, are 
changed in color by the mass action of water, and (4), finally, that all 
aqueous solutions of methyl orange, whether acidic or alkaline in reac- 
tion, are chromoisomeric mixtures in acpieous equilibria. 

In all colorimetric methods, it is either stated or implied that 
Beer’s law^ '’ is valid, namely, that the tint of colored solutions is 
dependent upon the mass of the solute and is independent of dilution. 
That this law does not hold in many cases, as recognized by numerous 
investigators, ^ is easily understood, when it is observed that water 
and other solvents have a transforming influence on many colored 
solutes. Therefore, in all colorimetric methods such influences jnust 
be recognized, the limits of dilution’^ must be set, and comparisons 
must be made under identical conditions. 

Loc. cil. 

J. Am. Chem. Soc., 30, ,129 (1914); ibid., 39, I.B8, 1348, 1377, 1381 (1917). 

13 Ann. Physik. [2], 80, 78 (1852). 

’®Sce especially Hantzsch’s and Horn’s papers. Also Picard, Ann., 381, 347 (1913); 
Stewart and Wright, Her., 44 , 2819 (191 1). 

1^ "It is either stated or implied in descriptions of colorimetric methods that they arc 
to be applied to dilute solutions. This practice seems to have originated in the observa- 
tion that the results of parallel determinations made in deeply colored (not very dilute) 
solutions do not approximate sufQciently to the average value.” Horn, Am. Chem. J., 
35 , 253 (1906). 
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Disturbances Resulting from Chromoisomerization.— Bicoiorecl 
dyes, as methyl orange, undergo tautonierie changes when subjected 
to the iniluences of (1) acids and alkalies, (2) heat and cold, and (3) 
dilution and concentration. These inthiences have been discussed 
sufTiciently in the foregoing. It ni'ed only be pointed out that such 
chromoisomcrizations may be disturbed in the presence of constant 
concentrations of acids, alkalies and solvent, through changes of tem- 
perature. Therefore, constant temiieratures, as well as constant con- 
centrations, must be observed in all colorijnetric methods. 

General Conclusions. From the above discussion the various 
possible errors to be dealt with in colorimetry jiiay be summed up as 
follows: 

1. Errors due to the inability of the observer to judge colors 

accurately. 

2. Errors due to variable sensitiveness of vision to dijjcrcnl con- 

centrations. 

Errors due to fatigue and eye strain. 

4. Mechanical errors of the colorimeter. 

5. Optical errors of the colorimeter. 

6. Optical errors resulting from varied light. 

7. ITrors resulting from scale readings. 

8. Errors of dilution. 

9. Errors due to temperature variation. 

10. Errors due to varied times of standing. 

1 1 . Errors due to varied ([uantities of reagents. 

12. Errors due to the presenci' of interfering substances. 

1,1 iMTors due to variation in the hydrogen-ion concentration. 

14. hTrors due to the action of light. 

It would seem from the above discussion of the sources of error in 
colorimetry that accurate and precise measurements by this method 

would be hard, if not impossible, to obtain. Fortunately, however, 
most of these errors can be avoided, or reduced to a satisfactory 
minimum, by carefully worked-out procedures and good technique, 
together with the use of a good colorimeter or carefully matched color 
comparison tubes. A number of colorimeters possessing optical am 
mechanical accuracy are described in the literature sec Bih iography 
and some of the more commonly used types are described in ( c ai 

in Chapter II. 
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In conclusion, the author wishes to emphasize the importance ot 
studying the various sources of error as they affect each colorimetric 
method employed, and it is earnestly hoped that workers in this field 
will cooperate in improving (and “ weeding out ’’ if necessary) some of 
the less accurate and imperfectly studied methods given in this 
treatise. It is mainly with this idea in mind that these procedures 
have been included. As far as possible, the author has endeavored 
to state the limits of accuracy of each method, but, unfortunately, 
such data are not available at present for a number of the procedures; 
in others the data are given only for very limited applications. 
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COLLOIDS AND COLORIMETRIC STABILIZERS 

In most colorimetric methods of analysis we deal with true solu- 
tions whose colors are due cither to the presence of colored molecules 
or to colored ions. That is to say, the comi)onent substances of the 
solutions arc molecularly (or ionically) dispersed in each other. Some 
methods, however, arc based upon the formation of colored colloid 
suspensions. These suspensions, or so-called colloidal solutions, are 
in some cases fairly stable and may be compared in a colorimeter in 
the usual way without the introduction of a serious error due to aggre- 
gation of the particles. On the other hand, some of the suspensions 
are so unstable that the color matching must be made very rapidly 
and great care must be taken to prepare the unknown ” and 
“ known ” simultaneously in order to secure approximately the same 
aging effects. 

Protective Colloids and Other “ Stabilizers.»-Li thc^ case of 
finely divided suspensions it is possible to increase their stability, i.e., 
prevent or at least decrease their rate of coagulation and precipita- 
tion, by adding a protective colloid or stabilizer such as gelatin, gum 
arabic, gum acacia, starch, egg albumin, etc. 

It was observed as early as Faraday ’ (1857) that the addition of a 
small amount of ‘‘ jelly ” (probably gelatin) prevented the coagulation 
and precipitation of metal sols. Such organic substances as gum 
arabic, gelatin, and the proteins are themselves largely colloidal in 
solution and hence they have been termed “ protective.colloids.” It 
is held that they form a film around each suspended particle in a sol 
and thus protect them from the action of substances that ordinarily 
would cause coagulation. For examine, arsenious sulfide sol con- 
taining a little gelatin is not coagulated by the addition of electrolytes 
in amounts much greater than would cause precipitation if no pro 
tective colloid were present. This protective action is known as the 

1 Michael Faraday, Phil. Trans., 147, 184 ( 1857 ). 
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envelope theory of protection and was enunciated by Bechhold.^ The 
mechanism of such action has been quite definitely demonstrated by 
Jacques Loeb^ by a comparison of the stability of protein solution 
with that of dispersions of protein-coated collodion particles. 

The protective power of these hydrophilic or “ protective ” col- 
loids varies greatly and is measured in terms of the “ gold number,” 
a term due to Zsigmondy.'^ The “gold number ” is the maximum 
number of milligrams of protective colloid that may be added to 
10 cc. of a standard gold sol without preventing a change of color from 
deep red to violet shades by 1 cc. of a 10 per cent sodium chloride solu- 
tion. It must be remembered, however, that the “ gold numbers ” 
are useful solely as very rough indices of relative protective powers, 
because the “ gold number ” of a given “ protective colloid ” depends 
so largely upon many conditions. Lack of space prohibits discussing 
here further aspects of this subject. 

In addition to stabilizers of the above type, there are those of the 
so-called “ solution link ” type, c.g., H 2 S, FcCL, etc., described by 
Thomas and Friedcn.*''^ Examples of colorimetric methods involving 
such stabilizing action are : the sulfide methods for lead, copper, 
iron, and antimony in which H 2 S is the stabilizer. For a theory of the 
mechanism of such stabilizing action sec the paragraphs on “ The 
Solution Theory of Colloid Stability,” page 95. 

Some examples of the use of hydrophilic or “ protective ” colloids 
in colorimetric analysis are: (1) gum arabic in the determination of 
antimony as the sulfide, (2) gum arabic in the determination of bis- 
muth as the iodide, (3) gum arabic in the determination, of selenium, 
(4) gelatin in the detennination of lead as the sulfide, (5) gelatin in 
the determination of acetylene by ammoniacal cuprous chloride, and 
(6) gum acacia in the determination of phenols in blood. 

Yoe and IlilK’ have recently shown that the addition of a small 
amount of starch solution to a .solution containing aluminum gives 
a stable suspension of the deep red aluminum lake produced by the 
addition of the dye aurin tricarboxylic acid. The use of starch solu- 
tion permits determining colorimetrically aluminum in much higher 

^Z. physik, Chem., 48, 38.5 (1904). 

3 J. Gen. i’liysiol. 5, 479 (1923). 

'* Z. anal. Clicm., 40, 697 (1901), 

® A, W. Thoma.s and A, Frieden, J. Am. Chem. Soc., 46, 2522 (1923); Tlioma.s, J. 
Chem, Education, 2, 323 (1925). 

® .See p, 109; al.so Yoe and Hill, J. Am. Chem. Soc., 49, 2395 (1927). 
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concentrations than would be possible without the presence of a 
protective colloid to stabilize the colored suspension. Moreover, the 
presence of this protective colloid does not impair the sensitivity of the 
determination. This latter statement must not be taken to imply that 
such would always be the case with other constituents or with other 
protective colloids. In each case precaution must be taken to deter- 
mine what effect, if any, the presence of a given protective colloid has. 

The effect of protectors on the color changes of benzopurpurin 
when its solutions arc acidified has been studied by Jerome Alexander.^ 
He observed that “ in the case of a pure dilute solution of benzopur- 
purin, the addition of dilute mineral acids (piickly changed the color 
from bright red to dark blue, reminding one of the change of pure col- 
loidal gold. Stronger acid coagulated the dye, which settled out 
of solution but which could be redissolved with restoration of the 
original color, by neutralizing the acid with alkali. The smne solution 
of benzopurpurin, to which gelatin or gum arabic had been added, 
gave with dilute mineral acids a claret-red solution. More concen- 
trated acid changed the shade to chocolate-brown, without, how- 
ever, causing any precipitate.' ’ (See also the following paragraphs on 
the effect of emulsoids on colored solutions.) 

Effect of Emulsoids on Colored Solutions.— “ The color of the 
solution of a colored substance of small molecular weight is little or not 
at all affected by the presence of an emulsoid which does not react 
chemically with the colored substance and which does not change the 
hydrogen-ion concentration of the solution. When the colored sub- 
stance has a large molecular weight, the presence of an emulsoid may 
influence the color of the solution in a number of ways. Should the 
colored solution be a suspensoid, the emulsoid will protect it from 
coagulation, as for example, gelatin protects colloidal gold solution. 
Should an insoluble colored substance be lil)erated frojn its soluble 
form the emulsoid will prevent its precipitation, as is the case when an 
acid solution of Nile blue is made alkaline in the preseiKe of egg albu- 
min. Finally, if the colored substance happens to fade on standing, 
the emulsoid may retard the rate of fading. 1 his is true of methyl 
violet and gum arabic in alkaline solution. In all such cases the emul- 
soid exerts its influence by retarding or preventing some change 
which would take place in its absence, and consequently the color of 

’ J. Soc. Chem. Ind., 30, 517 (1911); also Seventh International Congress of Applied 
Chemistry. 
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the solution containing the emulsoicl will differ from that of the sajne 
solution containing no emulsoid.’’'^^ 

In addition to the above influence of emulsoids on the color of solu- 
tions, there is one which depends on an equilibrium between the emul- 
soid and the colored substance. In connection with the colorimetric 
determination of hemoglobin as alkaline hematin, H. Wu and D. Y. 
Wu attempted to use as the standard of comparison pure alkaline hem- 
atin solution prepared by dissolving crystalline hematin in alkali. 
They found, however, that the color of the pure hematin solution was 
much weaker than that of the solution prepared from the correspond- 
ing amount of hemoglobin. The only difference between the two solu- 
tions was that the one i)repared from hemoglobin contained protein, 
globin, while the other did not. Evidently the globin increased the color 
of the alkaline hematin. Scrum, egg white, gelatin and other proteins 
added to pure hematin solution gave similar results, though differing 
quantitatively. Other emulsoids such as gum arable, starch, agar 
agar, etc., were tried and all of them were found to influence the color 
intensity of the alkaline hematin. Another colored substance, Congo 
red, gave similar results. 

“ The influence of emulsoids on tha color of alkaline hematin and 
Congo red solutions cannot be ascribed to a change in the alkalinity, 
for such a change of alkalinity as might be caused by the addition of 
the cmulsoid was shown to have no appreciable effect in itself on the 
color of the solution. Moreover, the color of alkaline hematin and 
Congo red produced on the addition of an emulsoid cannot be obtained 
in its absence by mere change of reaction. Hematin and Congo red 
are acids and they should not combine with protein, which in alkaline 
solution also behaves as an acid. Cdiemical combination of hematin 
and Congo red with the polysaccharides is even more unlikely. That 
emulsoids of entirely different nature, such as egg albumin and gum 
arabic arc, should exert a similar influence on the same ctflored sub- 
stances shows* that the influence is physical and not chemical.”^ 

Wu and Wu point out that there are two ways in which a colored 
solution may be influenced ifliysically by an emulsoid, namely, (1) 
by adsorption of the colored substance by the emulsoid, and (2) by 
adsorption of the emulsoid l)y the colored substance. In the former 

"II. Wu and D. Y. Wu in J. Alexander’s “Colloid Chemistry,’’ Vol. I, p. 380. The 
Chemical Catalog,' Co., New \’ork,-I926. 

“IL Wu and 1). V. Wu, loc. cit. 
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case a layer of the colored substance is formed around each particle of 
the cmulsoid, while in the latter case the reverse is true. The color 
of the “ adsorption complex ” in either case may differ in intensity 
and in shade from that of the particle of the free colored substance. 
The so-called “ protein error ” has long been recognized in the color- 
imetric determination of hydrogen-itm. ITom the work of Wu and 
Wu it is evident that the presence of emulsoids is a factor to be con- 
sidered in colorimetry in general. 

The Solution Theory of Colloid Stability. — “ The origin of 
the solution forces and the reason for the electrical migration of 
colloidal dispersions of apparently insoluble substances such as ferric 
oxide, antimony sulfide, gold, etc., have gradually become apparent 
through years of research. It is now delinitely known that these 
insoluble substances do not exist as such in colloidal solution. The 
particles in colloidal ferric oxide solution consist of a complex of 
Fe203 and a soluble iron salt such as IhT'I;^; antimony sulfide hydrosol 
consists of a combination between Sb^S;} and Il2S. Formulas may be 
roughly written from them (ignoring the hydrate water) as follows: 
:rFe20r,vkoCl;i; xSb-iSryH'iS where x and y are variable and x is 
always greater than y.’ When an electric current is passed through 
these solutions, a brown precipitate of Fe20;$ settles out at the cathode 
and chlorine is evolved at the anode in the iron oxide hydrosol, while 
in the antimony sulfide sol, a red deposit of SbjSii is deposited at the 
anode and hydrogen gas is liberated at the cathode. This shows that 
the migrating ions arc: 

.rFe 20 :r,vFe+ ' ^ 3 yCl- 
2 yH+ .vSboS.vvS- 

To cathode To anode 

The ionization is not complete; it is in fact slight and tlje nature of the 
migrating ions is not c[uite so simple as indicated. but it is not pos- 
sible to make fine distinctions in a short discussion. 

These formulas give too simple a picture and are liable to mislead. For instance, 
the iron oxide sol written as .vFc 2 ();t.>’l‘'eCl;, may give the idea that all the I'cCti is free 
to ionize in solution or that just the Fe^' ' is adsorbed. For academic purposes a bet- 
ter simplihed picture is (.vFe^Oa, ^clHO, yFcCl:w-Fe++^)3vCb- where y is smaller than 
.V, and-" is very small in comparison with y. Private communication from Dr. Arthur 
W. Thomas. 

" See J. Duclaux, J. chim. phys., 7, 405 (1909). 
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“ The gradual realization of the fact that the ‘ impurities/ e.g., 
the FeCla or the H2S, were essential parts of certain hydrosol particles 
gave rise to the so-called Complex Theory, a very simple statement of 
the complex nature of certain colloids. 

“ Wliile the Complex ddieory was accepted for many colloidal dis- 
persions, hydrosols of noble metals such as gold and platinum were 
thought to be exceptions since it was believed that they could be pre- 
pared by electrically arcing these metals under pure water. This was 
disproved by Beans and Eastlack, ' who demonstrated that colloidal 
platinum could be formed in pure water due to the fact that platinum 
oxidizes in the arc thus generating an electrolyte which became 
part of the dispersed phase. Gold was shown to require the presence 
of minute amounts of certain salts, in fact those which form stable 
chemical compounds of gold. 

“ It is therefore not difficult to see the origin of the solubility forces, 
since insoluble substances in colloidal solution arc actually a part of a 
complex aggregate containing a soluble component. Evidence for 
solution forces as the reason, or at least one of the reasons for colloid 
solution stability has been given by dTomas and Fricden. ' ^ A simple 
experiment may be cited. Addition of alcohol followed by ether to a 
hydrosol of ^Fe203'yFeCl3 did not affect it. Alcohol promptly pre- 
cipitated a hydrosol of aTeoOa • yFe2(SO.i)3. Ferric sulfate is insoluble 
in alcohol.’’ (Thomas.) 

Interference Eliminators. — Another class of agents employed in 
colorimetric imalysis may be proi)crly termed ‘‘ interference elimin- 
ators.” For example, in the determination of ammonia by Nessler- 
ization, calcium and magnesium are precipitated by Nessler’s reagent 
and, hence, would interfere with the analysis. They may be removed 
by precipitating in the usual way and filtering, but it is more conveni- 
ent to add Rochelle salt which holds them in solution. Another 
example of the use of an interference eliminator is in the determina- 
tion of phosphorus as phosphomolybdate. Here, 2 or 3 drops of 
ammonium oxalate arc added before adding the phosphate reagent 
in order to prevent the calcium precipitating as calcium phosphate. 

Nesslerization. -The yellow to brown color produced by the reac- 
tion of ammonia with Nesslcr’s reagent is fairly stable and (when the 
ammonia concentration is not too high) gives a solution which appears 

Beans and Eastlack, J. Am, Chem. Soc., 37, 2667 (1915). 

W. Thomas and A. Ericden, J. Am. Chem. Soc., 45, 2522 (1923). 
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water-clear and homogeneous to the naked eye. However, Robertson 
and Hisey’^ have recently made an extensive experimental study on 
the nature of the Ncssler color and conclude that it is due to colloidally 
dispersed particles in suspension and not in true solution. 

Peptization.— Finely divided particles may be obtained either 
by condensation from vapor or solution (precipitation) or by disinte- 
gration of larger masses. The disintegration is frequently called 
peptization, especially if it is done chemically as opposed to mechan- 
ical or electrical disintegration. The word pc ptizalion is due to Thomas 
Graham. 

In a study of the reduction of certain vat dyes by alkaline sodium 
hyposulfite, Yoe and Edgar employed a colorimetric method of 
measuring the amount of dye reduced. Their results indicated that 
the reaction between the dye and the alkaline hyposullite is very 
rapid, that an insoluble crystalline reduced dye (dark blue) is first 
formed, and that the latter is then peptized by hydroxyl ions to form a 
dark blue sol. The dark blue sol was matched in a colorimeter against 
a standard sol similarly prepared or against a standardized blue glass. 
The rate of peptization, and the amount of dycslujf peptized by a given 
solution, depend upon the state of subdivision of the dye. Ihc rate of 
reduction is much faster than the rate of peptization. 

Color and Degree of Dispersion.— It has been shown by experi- 
ment that the color intensity of substances varies with the degree 
of dispersion and that it attains a maximum in the realm of col- 
loid dispersion. It is well known that colloidal solutions of certain 
s.ilts, c.g., the sulfides of lead, copper, arsenic, etc., show such a marked 
color, even in very low concentrations, that this property may be used 
for their recognition. The intensity of color of these colloidal solu- 
tions may at times exceed that of the aniline dyes. I or example, if 
the color intensity of fuchsine be represented by an arbitrary value of 
5, that of colloidal hydrous ferric oxide is about the same, while that 
of arsenious trisulfide is 100, and that of colloidal gqld about 2000 
(The Svedberg). ' ^ This variation in color intensity is strikingly illus- 
trated in the case of colloid gold. (Sec Fig. 41.) 1 he great variation 

Private communication from Dr. J. H. Robertson. 

'“i Cf. W. D. Bancroft, Applied Colloid Chemistry, p. 162. McGraw-Hdl Book Co., 

New York, 1921. _ 

Yoe and Edgar, J. Phys. Chem., 27, 65 (1923); Yoe, M., -8, D1 1 (19.4). 

Ostwald-Fischer, Theoretical and Applied Colloid' Chemistry, 2d ed., p. 63. 
John Wiley & Sons, Inc., New York, 1922. 
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in color phenomena exhibited by colloid metals was observed by 
Michael Faraday three-quarters of a century ago, and he pointed^ out 
that the degree of dispersion is largely responsible for color fonnation. 

This color variation with the size of the particles is also exhibited 
by certain dyes, as seen in the color changes in Congo-rubin sols. 

The particles of this dye sol have diameters between those of col- 
loids and molecular dispersoids. It may be suddenly transformed to a 
blue-violet or blue solution not only upon addition of acid but also 

by the addition of 
any neutral salt or 
even alkaline sub- 
stances. The dye 
behaves like a red 
gold sol in many 
respects and it may 
be used as a gold 
sol substitute. The 
color transition of 
Congo-rubin is re- 
versible by dilu- 

t ion, by raising the 

temperature, by ad- 
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UcLTCe of dispersion — »■ 

Fig, 41. — Relation of color intensity of colloid j^old to its degree alcohol, 

of dispersion aec(.>r<ling to 'Hie Svedberg. etc.” ' ® Another 

(By permission from Ostwald-Fischer, "Theoretical and Applied Colloid iHustratioil of Color 
Chemistry,” 2 ed. p, 63, John Wiley and Sons, Inc., New York, 1922), 

change is the tlyc 


benzopurpurin. (See page 93.) Ultramicroscopic observations by 
Alexander ^ showed that aggregtition of the colloidally dispersed dye 
is accompanied by a change in color. This is no doubt true in the 
case of many other dyes. 

Not only does the intensity of color vary with the degree of disper- 
sion but also the beauty and variety. “ The order in which the colors 
change from one to the other as the degree of dispersion changes seems 
also to be definite. As a rule, the most highly dispersed colloid metals 
arc yellow or orange; in other words, they absorb violet and blue light. 
As the degree of dispersion decreases, the color passes from yellow 


^®W. Ostwald, cl al, Practical Colloid Chemistry (Translation of 4th ed.), p. 70. 
E. P. Dutton and Co., New York, 1927. 

J. Soc. Chem. Ind., 30, 517 (1911). 
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through orange to red, violet, blue, and finally green. The absorp- 
tionjnaximum gradually moves towards the side of the greater wave- 
lengths as the degree of dispersion decreases.”-^ 

As mentioned above, the great intensity of color shown by colloid- 
ally dispersed metals may at times even exceed that of the aniline 
dyes. It is natural that this property of the metals (especially the 
so-called noble metals) should have been called upon for analytical 
purposes and it is not surprising that one of the oldest and best-known 
methods for demonstrating the presence of traces of gold consists in 
reducing the gold to the colloid condition. The purple of Cassius test 
for gold is a typical illustration of the production of gold in the colloid 
staite of division and its subsc(|ucnt precipitation in the form of an 
“ adsorption compound ” through a second colloid. The first step in 
this test is accomplished by reducing the gold salt with stannous 
chloride. In this way colloid gold and colloid stannous acid are 
formed, and these in turn unite to form the well-known, reddish-violet 
colored suspension or precipitate. 

Concentration by Adsorption on a Crystalline Solid— Another 
application of colloid chemistry to colorimetry is made in the case of 
the determination of zinc by the potassium fcrrocyanide method. 
This is a turbidunetric method described by Breyer^i in wliich zinc 
is precipitated as a colloidal suspension by potassium ferrocyanidc 
solution. Meldrum has applied this method to the determination of 
zinc in water, and Birckner-- to the determination of zinc in various 
food products. Bodansky--'^ modified the Breyer-Birckner method 
and used it to determine the zinc content of marine organisms. Solid 
calcium citrate is employed in the recovery, i.e., concentration, of the 
colloidal zinc sulfide. A better recovery is obtained when the calcium 
citrate is formed in the solution than when it is added pre-formed. It 
is thought that the calcium citrate adsorbs the colloidal zinc sulfide par- 
ticles and hence effects a better recovery. This is in line with Ban- 
croft’s observation: “ There is some evidence to show that when a 

Ostwalil-Fischer, loc. cil., pp. 65-66. For furtlier details regarding this relation 
between color and degree of dispersion, sec Wo. Ostwald, Kolloidchcm. Beih., 2, 409 (1911), 
and Licht und Farbe in Kolloiden, Th. Stcinkopff, Dresden and Leipzig, 1924. 

W. W. Scott, Standard Methods of Chemical Analysis, 4th cd., p. 607. D. Van 
Nostrand Co., New York, 1925. 

2^. Biol. Chem.,38, 191 (1919), 

J. Biol. Chem., 44, 399 (1920); J. Ind. Eng. Chem., 13, 696 (1921). 

2<J.Ind. Eng. Chem.,13, 153 (1921). 
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colloidal solution is precipitated the finer particles attach themselves 
to the coarser ones.” The zinc sulfide is finally dissolved and repre- 
cipitated as a finely divided suspension by the addition of potassium 
ferrocyanide. 

Concentration by Co-Precipitation with a ** Collector.”~In the 

colorimetric method (thiocyanate method) of Stokes and Cain for 
the detennination of iron, by far the greater number of cases require 
concentrating the iron by precipitation. An almost indefinitely small 
quantity of iron may thus be determined in an indefinitely large 
amount of material, the only limit being the solubility of the iron pre- 
cipitate in the solution. It is obviously impossible to collect, on a 
filter, traces, say a thousandth of a milligram of ferric hydroxide or 
sulfide distributed in a finely divided state through a considerable 
volume of an otherwise clear liquid. Stokes and Cain, therefore, 
employ the method which has been occasionally used successfully in 
other cases, of mechanically carrying down the minute amount of 
finely divided precipitate by a relatively large amount of another pre- 
cipitate, which, when practicable, is generated simultaneously with 
the iron precipitate. We may designate this secondary precipitate as 
the ‘‘ collector.” Various substances suggest themselves as col- 
lectors; their number is limited by the following considerations. A 
collector must be sufficiently insoluble, so that but a small amount of a 
possible impure foreign substance need be introduced; it must be of 
such physical consistency as to enable it to carry down all suspended 
precipitates and must therefore be amorphous and flocculent, not 
granular or crystalline; it should not be gelatinous or otherwise 
difficult to wash out in the filter, neither should it be of such con- 
sistency as to run through the filter on washing; it must be easily 
soluble in 7 per cent thiocyanic acid and must neither interfere with 
the ferric thiocyanate reaction nor in the presence of mercuric thio- 
cyanate impart a color to amyl alcohol; or, if it does not meet these 
requirements, nt must be capable of easy separation from the iron. 
Aluminum hydroxide would be the ideal collector were it not for the 
fact that it dissolves slowly and imperfectly in thiocyanic acid, and 
thus frequently prevents complete solution of the accompanying ferric 
hydroxide. Repeated experiments by Stokes and Cain showed that it 

E. F. Burton, The Physical Properties of Colloidal Solutions, 2d ed., p. 173. Long- 
mans, Green and Co., New York, 1921. 

2 ® J. Am. Chem. Soc., 29, 409 (1907), 
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is not to be depended on, and they have, therefore, employed it only in 
special cases where it was removed before final treatment of the pre- 
cipitate with thiocyanic acid. The iron is precipitated either as sul- 
fide or as ferric hydroxide. The hydroxide precipitation is employed 
in the absence of materials which have a solvent action such as citrates, 
tartrates, sugar and many other organic substances, pyrophosphates, 
arsenites, arsenates, antimonates, etc. Ihe usual collector for ferric 
hydroxide is hydrated manganese peroxide. The sulfide precipita- 
tion is used when from the presence of any of the just-mentioned 
substances, hydroxide would remain in solution. It is also used when 
other sulfides insoluble in ammonium or sodium sulfide are practically 
absent. The best collector for iron sulfide is cadmium sulfide. In 
this case the cadmium sulfide is redissolved and the iron reprecipitated 
as hydroxide with manganese dioxide as collector. In many cases the 
choice between the methods is optional. When there is reason to fear 
the presence of traces of organic matter, as in the case of materials 
which have been treated in wooden vessels in the process of manufac- 
ture, or when arsenic or other prejudicial substances may be present, 
as in the cruder reagents, the sulfide method is more accurate, hor 
example, pure sodium chloride gave Stokes and Cain identical results 
by either method, while a sample of the best commercial chloride gave 
decidedly too low results with the hydroxide method. 

Special care is necessary in sampling the substance, and, wherever 
practicable, duplicate determinations should be made on portions o 
the- same solution, as it frequently happens that different samples, 
especially of crystallized substances, taken from the same bottle show 
w dely varying results, owing to the irregular distribution of the iron. 

aW, .1 .l» U..I . " »«««. ”. Ih. cota- 

o( tunplen b, fc ™th«l .1 T™ 
method is based upon the reduction of tungstic acid by tiUnium 
chloride, giving a blue colored oxide of tungsten that remains in col- 
loidal siispensiL under certain conditions If the sample is an aUoy 
it is treated directly with aqua regia; if a mmeral. it is fused 
sodium sulfite and the mass taken up with 

tungsten is precipitated as tungstic acid (along with the silica) but the 

separation is not quantitative because of the presence 

acW. The filtrate, which should contain iron (tOper 

is treated with ammonium hydroxide until it is just alkahne to htmus. 

« Compt. rend., 160 , 416 (1918); cf. ibU., 165 , 408 (1917). 
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The ferric hydroxide thus precipitated entrains the tungstic acid and 
hence serves as a collector.” The precipitate is then washed free 
from sodium salts, dissolved on the filter in 6 N hydrochloric acid, 
and the solution added to the major part of the tungstic acid solution, 
after the latter has been freed from silica by any of the usual methods 
and taken up in hydrochloric acid. The combined solutions are evap- 
orated to a volume of about 2 cc., cooled, diluted to 40 cc., 5 cc. of 
titanium chloride solution added, and the resulting blue colloidal 
solution diluted to 50 cc., mixed, and compared at once with a standard 
similarly prepared. 

Factors That May Influence the Size of Colloid Particles.— In addi- 
tion to the effect which stabilizers have on the size of colloid particles 
there are such factors as the hydrogen-ion concentration, concentra- 
tion of electrolytes, temperature, light, nature of dispersion means, etc. 
Any one or more of these may seriously influence the degree of dis- 
persion of colloid particles and hence the accuracy of the determina- 
tion. It is, therefore, necessary to carry out all procedures (which 
deal with colloid suspensions) under carefully studied and well-defined 
conditions in order to attain the highest degree of precision and 
accuracy. Perhaps the most important precaution to take is to carry 
out the preparation of the unknown and standard under as nearly 
identical conditions as possible. 
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GENERAL DIRECTIONS FOR USING A PRECISION 
COLORIMETER 

By Philip Adolph Kober, Director of Research, G. D. Searle 
AND Co., Chicago, III. 

Althodgh almost anyone can use a gravimetric balance for rough 
weighing, yet the correct use of a precision balance for accurate weigh- 
ing is not accomplished without considerable study and practice as 
well as the standardization of both balance and weights. Likewise, 
rough matching of colors or light can be practiced by the uninitiated, 
but the precise use of a photometric balance, a colorimeter or neph- 
elometcr, requires the consideration of an almost equal number of fac- 
tors, of which the following are the most important: 

The Choice of Instrument.— In order to eliminate the errors 
arising from a meniscus, highest precision in colorimetry can only be 
practiced with a single or double plunger type of instrument. This 
type of instrument is the only one thus far developed that measures 
the light or color between two parallel planes of glass, thus giving a 
very sharp differentiation to the heights of solution contained in the 
cells or cups. The plunger, with its mechanical and accurately adjust- 
able stage, allows the measurement of the height to be made to any 
desired accuracy. In practice this accuracy has been limited to a 
tenth of a millimeter, which subdivision is usually obtained by means 
of a vernier. If the accuracy of observation warranted it, this reading 
of the scale could, of course, be made to a hundredth of a millimeter or 
less if necessary. 

Specifications of a Plunger Type of Instrument.— (a) Good 
Optical Construction . — One of the first specifications of a precision 
colorimeter is good optical construction. The parts must be made 
from flawless optical glass of minimum tint or having little or no 
absoq^tion of light. Plungers made hollow with fused bottoms having 
parallel planes show much less absorption of light than do the best of 
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solid plungers. The optical parts should be so mounted and incased 
as to eliminate stray reflections, and as much as possible to prevent 
deposition of dust and condensation of moisture. Even the best of 
instruments require from time to time a thorough cleaning of all of 
the optical parts, which involves the complete taking apart of the eye- 
piece and prism house. The optical arrangement should be so con- 
structed that, if necessary, readjustments or refocusing of the parts 
can be made. In addition to the glass parts of the optical system, 
suitable apertures and diaphragms are required. As a rule those 
instruments having small diaphragms are more sensitive than those 
with large diaphragms, but both extremes are to be avoided. Optical 
systems having little or no balsam in their construction are to be pre- 
ferred to those having large surfaces balsamed. For a discussion of the 
reflector of a colorimeter, see below under Mechanical Construction. 

(b) Mechanical Construction . — The accuracy obtainable with an 
instrument of good optical construction is often lost by the operation 
of a poor mechanical arrangement. Since the colorimeter, if it is sen- 
sitive, is like a precision gravimetric balance, the equality between 
the two sides is seldom maintained for a long time. It would not be a 
sensitive colorimeter if it did not respond to variations in temperature, 
dust, and moisture depositions. For this reason a good colorimeter 
should have its mechanical parts adjustable so that, if necessary, the 
instrument can be readjusted from time to time, and a new balance 
of its sides obtained. Instruments having a single reflector must be 
moved in relation to the light source so that equal illumination is 
obtained in both sides of the instrument and fields. This is a sort 
of hit-and-miss adjustment. Much to be preferred are those instru- 
ments that have split or double reflectors, i.e., a separate reflector for 
each side, so that when the light in relation to the instrument is 
approximately in the right position, the final adjustment to equality 
can be made by means of a micrometer movement of the split reflectors 
with case and precision. Adjustable scales or vernier are important 
for accurate and convenient use of a precision colorimeter. In the 
moving parts the great requirement is the absence of lost motion, so 
that the eye can be trained to observe the slightest differences in color 
or light. In instruments that have considerable lost motion one 
can never be sure of slight movements of cups or plungers and there- 
fore one does not know whether differences in observation really 
represent differences in the heights of the solutions. 
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The turned knobs or milled heads operating the stages, i.e., the 
movement of the cups or plungers, should be so located that they are 
not close to those operating the reflectors, in order to avoid accidental 
displacement of the reflector during a comparison. Where many deter- 
minations are to be made, convenience in reading the scale is a factor, 
for any operation which increases the fatigue or inconvenience during 
the determination will have its effect upon the sensitivity of the 
observer’s eyes. In a like manner, the instrument should be so con- 
structed as to prevent glares and stray light from getting to the 
observer’s eyes during the use of the instrument. In some of the precis- 
ion instruments the eyepiece is placed in a horizontal position, enabling 
the observer to match the colors or light in a sitting position, while 
other instruments have the eyepiece in a vertical position, which, 
unless the instrument is placed on a low stand or table, requires a 
standing position on the part of the observer. The instruments with a 
horizontal eyepiece have the disadvantage that unless the light source 
is carefully and completely shaded, stray light will get to the observer’s 
eyes and make matchings more difficult and less sensitive. With 
instruments having a vertical eyepiece, the use of a black table top 
will practically exclude stray light from the observer’s eyes. In short, 
if the proper arrangements are made with both types of eyepiece, there 
is no choice between them so far as convenience and accuracy is con- 
cerned. 

Care of a Precision Instrument: (a) When in Use . — The necessity 
of caring for a delicate machine or instrument ought to be apparent 
to most workers, but it might not be amiss to point out some of the 
major precautions in handling an instrument. The cups and the 
plungers should, of course, be kept perfectly clean, and rinsed once or 
twice with the solution to be used for determination. The cups must 
not be filled too high so that they overflow on to the reflectors, staining 
or corroding them. Care should also be taken that the plungers do not 
strike the bottom of the cups too hard while taking* the so-called 
“ zero-point ” reading. Where long cups are used the zero-point must 
be measured by inserting into the cups a wooden or metal rod with 
parallel ends and of known length, usually called a “ zero gauge.” 
The zero-point should be taken with each individual cup and the cup 
always used on the same side and in the same position. By making a 
small mark on the top of the cup this precaution can be easily carried 
out. This standardization of the instrument in relation to the cups is 
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necessary, as it is seldom that the thickness of the glass used in the 
cups and the thickness of the supports are exactly alike. It is, of 
course, obvious that the bottoms of the plungers and the cups should 
be kept free from scratches and cracks. 

(b) When Not in Use . — The instrument should be kept covered 
to keep out the dust, but it is also important that the room containing 
the instrument be kept at a uniform room temperature and away from 
excessive moisture and fumes, particularly that of ammonia. 

Source of Light. — The source of light under proper conditions can 
be either daylight or artificial light. The advantage of daylight is, of 
course, that it enables one to measure almost any tint without the use 
of light filters, but it has the disadvantage that it cannot be controlled 
or is seldom constant in intensity. Since temperature variations are 
very great near a window, and since it is difficult always to have a 
northern exposure, the use of daylight is very difficult for uniform and 
accurate work. By using artificial light, and, if necessary, employing 
suitable light filters, close approximation to daylight can be obtained, 
as well as light of special composition for certain particular purposes. 

Precautions to be Taken Relative to the Observer.— The accuracy 
of photometric work greatly depends also upon the care taken with the 
observer’s eyes. Although there are a number of persons whose sen- 
sitivity to colors is very low and who are therefore incapable of making 
any accurate colorimetric determinations, most workers do not realize 
that the sensitivity of the eyes can be greatly increased by judicious 
use and training. The human eye is like some electromotive cells, in 
that it is easily polarized, i.e., its greatest sensitivity or accuracy does 
not hold for a very great length of time, without many periods of rest. 
Therefore the period of observation should be as short as is conveni- 
ently possible. A good practice is to make a rough adjustment with 
one eye and the final setting with the other. A number of photometric 
observers have found it an aid to massage the eyes with hot or cold 
water several'times a day, and it is a fact that the organ of sight, like 
other organs and tissues, can be strengthened and its value and 
accuracy greatly increased by proper use. 

The best environment for photometric observation is that of a 
darkened but well-ventilated room whose walls and contents have a 
dark, tint. It, of course, follows that the light source must be well 
screened so that at no time the observer’s eyes are partially blinded by 
the glare. 



METHOD OF OBTAINING A PHOTOMETRIC BALANCE 107 

For beginners, it is very important that a reasonable time be allowed 
for practice determinations, so that they get accustomed to the instru- 
ment and the environment of the instrument. Occasionally an ob- 
server is more sensitive to certain colors or tints than to others and 
by suitable choice of light filters this sensitivity can be easily utilized. 
Quietness and freedom from extraneous disturbances are also essential 
to accurate photometric work. 

Method of Obtaining a Photometric Balance.—The light source 
must be adjusted with relation to the instrument, or the instrument 
must be adjusted to the light source so that equal illumination on 
both sides of the instrument is produced. Once this is obtained it is 
best either to fasten the instrument and light source in position, or, if 
that is not possible, to mark on the table or support the exact position 
of each. If the instrument has split reflectors, equal illumination of the 
fields is finally obtained, after the cups, previously marked, are placed 
in position with distilled water or the solvent used in the actual deter- 
mination, with the plungers immersed in the liquid, and the separate 
reflectors adjusted until equal illumination is obtained. Either before 
this or afterwards, the empty cups are placed in the instrument in the 
same position and the instrument operated gently until the plunger 
touches the bottom of the cups, if the cups arc the usual short ones. 
(For directions with long cups, see page 105.) In this position there 
is zero height of liquid between the cups and the plungers, and the 
scale read with the vernier should read exactly zero. If this is not 
the case, the scale or the vernier must be adjusted until the reading is 
exactly zero. 

Now, if everything is in proper adjustment, some standard solution 
is put into the cups, after carefully rinsing with the same solution, 
and one side, say the right side, is set at 20.0 or 30.0 mm. exactly. 
The observer now tries to obtain equal color or tint by operating the 
other side. A series of five or ten settings should give a good average 
of thc.reading on the right side. If they do not, it may be due to some 
poor adjustment of instrument or light source or to an idiosyncrasy 
on the part of the observer. In the former case, a readjustment 
will correct this inequality, or in both cases it may be taken care of as 

follows: . , 

The plunger on the left side is set exactly on the average obtained 
above, and the standard solution on the right side is discarded in favor 
of the next solution, say one-half or one-third standard, and after 
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making a series of settings using only the right side, the average is 
compared or used in calculation with 20.0 or 30.0 the original reading 
on the right side. In other words, the setting on the left side does not 
come into consideration, the solution there acting only as a tare. If 
the solution obeys Beer’s law the reading for one-half standard should 
read exactly twice that of the standard, and that of one-third standard 
should read exactly thrice that of the standard. This check on Beer’s 
law should be made by those using a colorimetric reaction for the first 
time, as it enables the observer to check not only the instrument and 
his observations, but also the sources of error inherent in the reaction 
or the method of producing the reaction. If the solution does not 
obey Beer’s law, a colorimetric curve must be constructed. (See 
Chapter IV.) 

In actual routine analyses it is best to make the balance first with 
the unknown solution and then to substitute the standard solution on 
the right side and vary the height of the standard until a setting is 
obtained, as it makes the calculation very much simpler, as is shown 
on pages 55 and 70. 

The number of readings necessary for accurate work varies greatly 
with the type of solution of substance to be determined. Other things 
being equal, the greater the number of readings the nearer accurate is 
the result. WTere many determinations are to be made, many read- 
ings for each solution make for greater eye fatigue. Also, some solu- 
tions change with time, i.e., they arc not constant for a long period 
of time. Moreover, the experience and the skill of the observer must 
be taken into account. As a rule, many readings are taken only when 
isolated analyses are to be made and the analyst has had no oppor- 
tunity to keep in photometric practice. A trained and experienced 
observer usually varies the number of readings in accordance with 
their agreement. If three or four readings agree closely or check, 
further readings would hardly be of any value for most analytical pur- 
poses. 
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Inorganic 

CHAPTER VIII 
ALUMINUM 

DETERMINATION OF ALUMINUM BY “ALUMINON » (THE AMMONIUM 
SALT OF AURIN TRICARBOXYLIC ACID) 

Method of Yoe and Hill 

This method is based upon the use of the ammonium salt of 
aurin tricarboxylic acid, the new reagent for the detection of aluminum 
recently described by Hammett and Sottery. ‘ This dye forms a 
bright red lake with aluminum in acetic acid acetate solution and the 
lake is fairly stable in ammonium hydroxide carbonate solution. 

The method is applicable to the determination of small quantities 
of aluminum in salts, minerals, and water. A very faint pink colora- 
tion is developed when one part of aluminum is present in 25 million 
parts of solution, or 0.002 mg. in 50 cc. The results of an extensive 
experimental study of the method are briefly summari/.ed in the Notes 
on pages 111-114." 

Reagents. 

1. Hydrochloric acid, 4 N. 

2. Hydrochloric acid, 1 N. 

3. Nitric acid, 1 N. 

4. Ammonium hydroxide, 5 N. 

5. Sodium hydroxide, 6 N. 

6. Ammonium acetate, 3 N. 

7. Ammonium carl)onate, 5 N. (Sec Note 6.) 

8. Methyl red, 0.05 gram in 100 cc. 95 per cent alcohol. 

' J. Am. Chem. Soc„ 47, 142 (192.5). 

* For a more detailed report see: J. H. Yoe and W. L. Hill, J. Am. Chem. Soc., 
49, 2395 (1927). 
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9. Aluminon/’ 0.1 per cent solution. “ Aluminon ” (the ammo- 
nium salt of aurin tricarboxylic acid) may be prepared by the second 
method of Ger. pat. 49, 970 (1889), Friedlandcr II, 50; or it may be 
obtained from the Falcs Chemical Co., 74 Cortlandt St., New York 
City. 

10 . Standard aluminum chloride solution. Dissolve 8.952 grams 
of pure aluminum chloride, AlCl;r 6 H 20 , in distilled water, dilute to a 
liter, and thoroughly mix. (See Note 1.) One cubic centimeter of this 
solution contains 1 mg. of aluminum. Dilute 10 cc. of this stock 
solution to a liter, and mix thoroughly. The diluted solution contains 
0.01 mg. of aluminum per cubic centimeter. If desirable, the stock 
solution may be checked gravimetrically by the method of Blum.^ 

Procedure. -If the substance is a solid, dissolve in 15 cc. of water 
an amount sufficient to have an aluminum content between 0.005 and 
0.5 mg., preferably below 0.1 mg. (see Note 3); if a liquid, adju.st the 
concentration by dilution or evaporation to give a solution containing 
between 0.005 and 0.5 mg. (preferably below 0.1 mg.) of aluminum per 
15 cc. In case an acid is required to dissolve the solid sample, or the 
liquid sample is acid, the hydrogen-ion concentration of the sample solu- 
tion must be adjusted to a pll value of about 6.5. A solution which 
shows a faintly acid reaction to neutral litmus paper is satisfactory. 
Transfer the sample solution to a Nessler tube, add 5 cc. of 1 N hydro- 
chloric acid, and 5 cc. of 3 N ammonium acetate solution. Dilute to 
30 cc., add 5 cc. of tl?t “ Aluminon ” reagent, mix, and let stand 5 
minutes to allow the lake to lorm. (See Note 8.) Now add slowly 
with constant stirring 5 cc. of 5 N ammonium hydroxide and 10 cc. of 
5 N ammonium carbonate solution, dilute to 50 cc., mix thoroughly, 
and after 25 minutes compare with standards prepared along with the 
unknown and similarly “aged.” (See Note 6.) The comparison 
may be made in Nessler tubes or in a Kennicott-Campbell-IIurley 
colorimeter. 

To deternlinc aluminum in water, acidify 200-300 cc. of the sample 
with 4 N hydrochloric acid, evaporate in a platinum, silica, .or porcelain 
dish to dryness on the water-bath, and ignite at dull redness for 
a few minutes to destroy any organic matter and to dehydrate the 
silicic acid. Treat the residue with 1 cc. of 4 N hydrochloric acid, 
warm, add 5-10 cc. of hot distilled water, digest a minute or two, filter, 

* J. Am. Chem.Soc., 38, 1282 (1916); also, in a little more detailed form as Sci. Paper 
No. 286, U, S. Bureau of Standards, 1916. 
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and wash with hot water. Dilute the filtrate to a volume of 25 cc., 
heat to boiling, add one drop of methyl red, and jirecipitate the 
aluminum and iron by the addition of ammonium hydroxide until the 
color change of the indicator is just reached. Digest on the hot-plate 
a few minutes and filter through a 7 cm. filter paper. If the iron con- 
tent is small (see Note 5), dissolve the precipitate by pouring 5 cc. of 
warm 1 N hydrochloric acid through the filter several times, allowing 
the filtrate to run into a Ncssler tube. Wash the filter several times 
with small volumes of hot water, adding the washings to the filtrate. 
Cool the filtrate to room temperature (see Note 7), add 5 cc. of 3 N 
ammonium acetate solution, and complete the procedure as directed 
in the first paragraph above. 

When considerable iron is present, dissolve the precipitate of 
aluminum and iron hydroxides in 2-3 cc. of 5 N nitric acid, transfer 
the solution to a casserole, evaporate on the hot-plate to a volume of 
about 1 cc., make strongly alkaline with sodium hydroxide solution, 
heat to boiling, filter, and wash several times with hot water. Add 
hydrochloric acid to the filtrate until it kjusl acid to neutral litmus 
paper, transfer to a Nessler tube, cool to room temperature, and con- 
tinue the analysis according to the procedure in the first paragraph 
above. 

Notes. 

1 . Aluminum chloride hexahydrate in a high state of purity may be 
obtained from the anhydrous aluminum chloride of commerce.** 
The commercial salt is dissolved in water and filtered through glass 
wool. The solution is then mixed with concentrated hydrochloric 
acid, cooled in a freezing mixture, and saturated with dry HCl gas. 
Fine, white crystals of aluminum chloride hexahydrate separate. 
These are washed by decantation with concentrated hydrochloric 
acid until free from iron, sucked dry, and exposed to the air on porous 
tile until free from hydrogen chloride. The salt adsorbs water slowly 
from moist air, but at 20° C. it will dry to constant weight in 48 hours. 

2. Since aluminum is one of the most common impurities in chem- 
ical reagents, great care must be taken that it is not present in any 
reagent employed in the analysis. 

3. A very faint pink coloration is developed with one part of alumi- 
num in twenty-five million parts of solution, or 0.002 mg. in 50 cc. 

* L. M. Dennis, Z. anorg. Chera., 9, 39 (1895). 
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The upper limit with Nessler tubes, or with a colorimeter employing 
large volumes of solutions, is 0.5 mg. in 50 cc. on account of the inten- 
sity of color; although the lake does not coagulate until after several 
hours with quantities of aluminum up to 1 mg. in 50 cc., unless a con- 
siderable excess of ammonia is added. Starch may be used as a 
protective colloid, thus permitting the use of a higher aluminum con- 
tent in the sample. In such cases, on account of the deeply colored 
solution, a colorimeter must be employed which permits using a small 
volume of sample. A Klcinmann micro-colorimeter or small Duboscq 
colorimeter should be satisfactory. 

4. The following statements refer to quantities actually present in 
the Nessler tub» at the time of lake formation. Phosphates prevent 
the formation of the lake; however, 2 mg. of PO 4 ion is without notice- 
able effect. Silica in quantities greater than 1 mg. of Si 02 gives 
results which arc appreciably low. As much as I mg. of chromium 
(cither as chromate, or as chromic ion), cobalt, nickel, or manganese 
gives results which run from 6 to 15 per cent high, as also does magne- 
sium in quantities greater tlian 1 mg. Calcium in quantities greater 
than 1 mg. produces a turbidity and consequently high results. Iodide, 
nitrate, and nitrite ions do not interfere, though sulfide and sulfite 
ions reduce the dye and thus destroy the color. 

5. Iron interferes with the test, since it forms a violet lake with 
“ Aluminon ” which is stable under the same condition as the alum- 
inum lake. If the iron content is small in proportion to the aluminum 
(1 : 10) and docs not exceed 0.03-0.04 mg., it may be determined in a 
separate portion of the sample and equivalent amounts added to the 
standard Nessler tubes. For greater quantities of iron a separation 
must be made. 

6 . The color intensity decreases rapidly during the first twenty 
minutes after the addition of 5 cc. of 5 N ammonium hydroxide, and 
then remains practically constant for an hour or more, though it 
does decrease ‘slowly. The time required for the analysis may be 
reduced considerably by the use of a solution of ammonium carbonate 
in ammonium hydroxide (250 grams ammonium carbonate in a liter of 
5 N ammonium hydroxide). By the addition of 5 cc. of this anuno- 
nium hydroxide-carbonate solution the period of rapid decrease in 
color intensity is reduced to 15 minutes, but the constancy of the final 
color intensity is somewhat less dependable and the delicacy of the test 
is slightly decreased. With the exception of the ammonium carbon- 
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ate solution, small variations in the quantity of the reagents used 
produce marked differences in the color intensity. 

7. The final color intensity varies with the temperature at which 
the lake forms, the intensity at 20° C. being four-fifths of that at 40° C. 
Hence, care should be taken to have the solution at the same tempera- 
ture when the dye is added. 

8. The final color intensity increases with the time allowed for lake 
formation, the intensity resulting from a 10-minute period being 
about 15 per cent higher than that obtained when a period of 5 minutes 
is given. The final color intensity is also a function of the volume at 
lake formation, and, hence, the volumes of both the sample and the 
standard must be the same at the time the lake is formed. 

9. In the use of “ Aluminon ” as a qualitative test for aluminum, 
interference by chromium is prevented by an unusual property of the 
aluminum lake, which, when once formed in acetic acid-acetate buffer, 
is not decomposed in any reasonable time when the solution is made 
alkaline with ammonium hydroxide, although it docs not form in alka- 
line solution. The chromium lake, which resembles the aluminum 
lake in appearance, forms in acetate solution, but is decomposed upon 
the addition of ammonium hydroxide. Under the conditions of the 
test (Hammett and Sottcry, loc. cit), (1) silicic acid and salts of bis- 
muth, lead, antimony, stannic tin, mercuric mercury, and titanium 
give white precipitates; (2) salts of cadmium, zinc, manganese, cobalt, 
and nickel give no precipitates; (3) chromium, alkaline earth, and 
phosphate do not interfere if ammonium hydroxide-carbonate solu- 
tion is added; (4) ferric salts give a deep violet precipitate in the 
acetic acid solution, but this is converted into a reddish-brown pre- 
cipitate by ammonium hydroxide. The separation of iron from 
aluminum by sodium hydroxide and peroxide is sufficient to prevent 
the interference of iron. 

10. Middlctoiv’’ reports that “Aluminon” forms lakes with the 
hydroxides or basic acetates of beryllium, yttrium, lanthanum, cerium, 
neodymium, erbium, zirconium, and thorium. “ All these arc deeper 
red than the aluminum lake, the color being a rich bright crimson, that 
with cerous hydroxide much darker than the others. All, except that 
of beryllium, are either dissolved or decolorized by moderate additions 
of ammonium carbonate. Accordingly, the reagent does not dis- 
tinguish aluminum from beryllium in mixtures of the two hydroxides. 

5J.Am.Chem.Soc., 48, 2125 ( 1926 ). 
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The lakes are not affected by moderate concentrations of ammonia 
except that of zirconium which is partially decolorized and flocculates 
as a rose-pink precipitate. All are distinctly less soluble than the 
corresponding hydroxides or basic acetates.” 

Corey and Rogers® have studied the reactions of “Aluminon” 
with scandium, gallium, indium, thallium, and germam'um. “ Scan- 
dium produces a red lake, insoluble in ammonium hydroxide but readily 
soluble in ammonium carbonate. The gallium lake forms more slowly 
but, when once produced, more closely resembles that of aluminum, 
being insoluble in ammonium hydroxide and dissolving in a solution of 
ammonium carbonate only after standing for some time. 

“ Indium gives a red solution which is relatively stable in the pres- 
ence of ammonium hydroxide, although no precipitate is produced. The 
red color of the solution is discharged by the addition of ammonium 
carbonate. In this respect it approaches the behavior of tervalent 
thallium whose lake forms with difficulty and is unstable both in 
ammonium hydroxide and in ammonium carbonate. Germanium 
forms no stable lake with ‘Aluminon,’ in this respect resembling 
silicon, stannic tin and lead.” 

DETERMINATION OF ALUMINUM IN NON-FERROUS MATERIAL BY 
“ALUMINON” (THE AMMONIUM SALT OF AURIN TRICARBOXYLIC ACID) 

Method of Lundell and Knowles 

Like the preceding method, this determination is based upon the 
use of the new reagent for aluminum, the dye aurin tricarboxylic acid 
recently described by Hammett and Sottery. 

The methods described in the following procedures were developed 
by Lundell and Knowles® for the rapid detection and approximate 
quantitative determination of small amounts of aluminum in non- 
ferrous materials such as brass, bronze, bearing metals, and spelter, 
even though the amount is as small as 0.01 per cent. 

The aluminTim must be separated from interfering elements and the 
most satisfactory rapid methods are those based on precipitation with 
sodium hydroxide or a mixture of this reagent with sodium sulfide. 
Three methods of separation are described. In the first, all the usual 
elements except aluminum and phosphorus are removed by precipita- 

® J. Am. Chem. Soc., 49, 216 (1927). 

^ J. Am, Chem, Soc,, 47, 142 (1925). 

sind. Eng, Chem., 18, 60 (1926). 
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tion with sodium hydroxide-sulfide reagent, filtration, acidification 
of the filtrate, and a second filtration. This method is the slowest of 
the three, but can be used with a greater variety of alloys. In the 
'second method less sodium sulfide is added and the second filtration is 
omitted. This method requires only 5 to 10 minutes, and gives satis- 
factory results with most alloys provided care is taken to avoid adding 
so much sulfide as to cause the liberation of colored sulfides or hydro- 
gen sulfide when the filtrate is acidified. The judicious use of sulfide 
aids in precipitating elements such as lead in lead-base bearing metal 
and gives a nearer complete separation of iron in material such as 
spelter. No sulfide is used in the third method, which otherwise 
resembles the second. This has given satisfactory results with brass 
and such other alloys as give a large precipitate with sodium hydroxide. 

Reagents. 

1. Nitric acid, sp. gr. 1.42. 

2. Hydrochloric acid, 1:1. 

3. Acetic acid, 36 per cent. 

4. Ammonium carbonate, 10 per cent solution in dilute ammonium 
hydroxide (I : 2). Prepare as needed, using freshly distilled ammonia. 

.S. Sodium hydroxide, 8 per cent. 

6. Sodium sulfide, 8 per cent. Make from the sodium hydroxide 
solution by saturating with II 2 S and then adding an equal volume 
of the sodium hydroxide. 

7. Aurin tricarboxylic acid. Use a 0.2 per cent solution of “Alu- 
minon ” (the NIH salt of aurin tricarboxylic acid). I'his reagent may 
be prepared by the second method of Ger. j)at. 49,970 (1889), Fried- 
lander II, 50, or may be obtained from the Fales Chemical Co., 74 
Cortlandt St., New York City. 

Procedures. 

Method /. Separation of all ordinary elements except aluminum and 
phosphorus. 

Transfer 1 gram of the alloy to a 250 cc. Erlcnmeyer flask and dis- 
solve in 5 cc. of concentrated nitric acid. Add 30 cc. of an 8 per cent 
solution of sodium hydroxide, and heat to boiling as the flask is rotated 
over a free flame. Boil for 1 minute and add 20 cc. of an 8 per cent 
solution of sodium sulfide made from the sodium hydroxide solution by 
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saturating a given volume with hydrogen sulfide and then adding 
another volume of sodium hydroxide. Swirl the solution for a few 
moments, and filter on a 1 5 cm. paper. Acidify the filtrate with rlilute 
hydrochloric acid (1 : 1), add 2 cc. in excess, and digest at 40° to 60° C. 
until the precipitate settles. Filter, boil the filtrate until hydrogen 
sulfide is expelled, and clarify the solution by small additions of nitric 
acid if suspended sulfur is present. Evaporate the solution to 20 to 30 
cc. and filter if the solution is not clear. Add 10 cc. of 36 per cent 
acetic acid, 5 cc. of a 0.2 per cent solution of the aurin tricarboxylic 
acid, and finally a 1 0 per cent solution of ammonium carbonate in dilute 
ammonium hydroxide (1:2) slowly and with stirring until an excess of 
5 to 10 cc. is present. Avoid a large excess. Compare the color of the 
solution or the amount of separated lake with the results of tests of 
like material containing known amounts of aluminum. 

Method 11. Single filtration after precipitation with NaOH-Na 2 S. 

Dissolve the alloy as in Method I, add 50 cc, of 8 per cent sodium 
hydroxide solution, heat to boiling, and boil for 1 minute. Add 8 per 
cent sodium sulfide solution in accordance with the material under 
test, swirl the solution for a few minutes, and filter. Add 15 cc. of 
acetic acid, 5 cc. of a 0.2 per cent solution of the dye, and then ammo- 
nium hydroxide-carbonate as in Method T. 

More or less precipitate other than the aluminum lake may separate 
in the final test, but such precipitated matter should be white if a cor- 
rect amount of sodium sulfide was added and should not obscure the 
color of the aluminum lake in alloys containing no more than 10 i)er 
cent of tin or 25 per cent of lead. Desirable additions of the sodium 
sulfide solution are: 0.5 cc. for tin-base bearing metal, 1 cc. for spelter, 
cast bronze, and phosphor bronze, 2 cc. for brass and journal bearing 
and 4 cc. for lead-base bearing metal. 

Method III. Single fillralion after precipitalion with NaOH. 

Proceed as in Method II, but omit the addition of sodium sulfide. 

As in Method II, more or less white precipitate of tin and lead can 
be expected in the final test; this does not cause much trouble in 
brasses, bronzes, and journal bearings. With lead and tin-base bear- 
ing metals the method is not entirely satisfactory because the final 
precipitate is quite large. The method is not so certain for spelter as 
is Method II, because so little precipitate is formed by the sodium hy- 
droxide alone that the precipitation of iron is sometimes incomplete. 
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Notes. 

1. In all procedures the filtrations are continued until the filter 
papers are fairly well drained and no washing of the precipitate is 
done. 

2. In each of the above procedures the final test for aluminum is 
always obtained in alkaline solution by adding a solution of ammonium 
carbonate in dilute anunonium hydroxide, slowly and with continual 
stirring, to a solution of the dye and free acetic acid. In such a test 
the final color of a solution of the dye alone is clear light yellow, but 
with aluminum the color ranges from a clear faint pink to a deep red 
if the amount of aluminum is not over 0.1 mg. in 50 cc. of solution. 
With larger amounts of aluminum the red lake precipitates at once. 
The use of the dye for a rpiantitative estimation is therefore limited to 
material containing less than 0.1 per cent of aluminum and works best 
when the percentage is less than 0.05. 

3. The results given in the following table were obtained by Lun- 
dell and Knowles Hoc. c/7.) and indicate which method is the most suit- 
able for a given type of alloy. 


TAHLt: X 


(Xiimhcrs Ki-fcr lo Bureau of Standard’s Standard Samples) 



Per Lent 

Material 

.\1 Present 


or Added 


0.00.5 


0.006 

Brass m 

0.00,5 


0.006 

Jtronze 52 

0.00.5 


0.01 

Phosphor bronze 65 

0.04 

Journal bearing 

0,00.5 


O.Ol 

Lead-base bearing metal 5.5. . 

0.00.5 


0,006 


0.01 

Tin-base bearing metal 54. . . 

0.003 


0,006 


0.01 


Character of the 'lest Obtained in: 

Method I 

Method 11 

Method 111 


I'.xcellent 

Good 


K.xcellent 

Good 

Ivxeellent 

Good 

Goo<l 

Iv'ccellent 

Good 

Good 

E.'ccellent 

Weak 

Weak 

E.'ccellent 

Good 

Fair 

ICxcellent 

Good 

Fair 

I'ixccllent 

Good * 

Fair 

E.xeellent 

Good 

Fair 

Excellent 

Unsatisfactory 

Unsatisfactory 

I'Acellent 

Very weak 

Very weak 


Fair 

Weak 

Good 

Unsatisfactory 

Unsatisfactory 

Good 

Unsatisfactory 

Unsatisfactory 


Very weak 

Very weak 
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4. In the use of “Aluininon” as a qualitative test for aluinimiiii, 
interference by chromium is prevented by an unusual property of the; 
aluminum lakc^ which, when once formed in an acetic acid-acctiitc 
buffer, is not decomposed in any reasonable time when the solution is 
made alkaline with ammonium hydroxide, although it does not form in 
alkaline solution. The chromium lake, which resembles the aluminum 
compound in appearance, forms in an acetate solution, but is decolorized 
upon the addition of ammonium hydroxide. Under the conditions of 
the test (Hammett and Sottery, loc. cil) (1) silicic acid and salts of bis- 
muth, lead, antimony, stannic tin, mercuric mercury, and titanium 
give white precipitates; (2) salts of cadmium, zinc, manganese, cobalt, 
and nickel give no precipitate; (3) chromium, alkaline earths, and phos- 
phate do not interfere if ammonium hydroxide-ammonium carbonate 
solution is added; (4) ferric .salts give a deep violet precipitate in the 
acetic acid solution but this is converted into a reddish-brown precip- 
itate by ammonium hydroxide. The separation of iron from alu- 
minum by sodium hydroxide or peroxide is sufficient to prevent the 
interference by iron. The delicacy of the test is of the order of 10~® 
mole of aluminum. 

5. Middleton'^ reports that “Aluminon” forms lakes with the hydrox- 
ides or basic acetates of beryllium, yttrium, lanthanum, cerium, 
neodymium, erbium, zirconium, and thorium. “ All these arc deeper 
red than the aluminum lake, the color being a rich, bright crimson, 
that with cerous hydroxide much darker than the others. All, except 
that of beryllium, are either dissolved or decolorized by moderate 
additions of ammonium carbonate. Accordingly, the reagent does 
not distinguish aluminum from beryllium in mixtures of the two 
hydroxides. The lakes are not affected by moderate concentrations 
of ammonia except that of zirconium which is partially decolorized and 
flocculates as a rose-pink precipitate. All are distinctly less soluble 
than the corresponding hydroxides or basic acetates.” 

Corey and Rogers’^ have studied the reactions of “Aluminon” 
with scandium, gallium, indium, thallium, and germanium. “ Scan- 
dium produces a red lake, insoluble in ammonium hydroxide but readily 
soluble in ammonium carbonate. The gallium lake forms more slowly 
but, when once produced, more closely resembles that of aluminum, 
being insoluble in ammonium hydroxide and dissolving in a solution 

® J. Am. Chem. Soc., 48, 2125 (1926) 

J. Am. Chem. Soc., 49, 216 (1927). 
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of ammonium carbonate only after standing for some time. Indium 
gives a red solution which is relatively stable in the presence of ammo- 
nium hydroxide, although no precipitate is produced. The red color 
of the solution is discharged by the addition of ammonium carbonate. 
In this respect it approaches the behavior of tcrvalent thallium whose 
lake forms with difficulty and is unstable both in ammonium hydroxide 
and in ammonium carbonate, (jermanium forms no stable lake with 
“Aluminon,” in this respect resembling silicon, stannic tin and lead.” 

6. Since aluminum is one of the most common impurities in chem- 
ical reagents, it is necessary to be certain it is not present in any 
reagent employed in the analysis. 

DETERMINATION OF ALUMINUM BY ALIZARIN-S 

When the sodium salt of alizarin monosulfonic acid is added to a 
faintly acid solution of an aluminum salt, a red coloration or a precip- 
itate is produced. ^ ^ The presence of glycerine will prevent or retard 
the formation of a precipitale. The lest is sensitive to one part of 
aluminum in ten million parts of solution. 

Reagents. 

1. Hydrochloric acid, 6 N. 

2. Acetic acid, 6 N. 

3. Ammonium hydroxide, 6 N. Made from freshly distilled am- 
monia as needed. 

4. Glycerine, C.P. 

5. Alizarin-S, 1 per cent solution. 

6. Standard aluminum solution. Dissolve 0.9311 gram of common 

alum, Al 2 (S 04 );rK 2 S 0 .r 241120, in water, dilute to a liter and thor- 
oughly mix. Ten cc. of this solution are diluted to one liter and mixed 
thoroughly. The diluted solution contains 0.001 mg. of AI 2 O;} per 
cubic centimeter. • 

Procedure.- A sample is taken such that its aluminum content is 
between 0.005 and 0.05 mg. and dissolved in the least possible quan- 
tity of dilute hydrochloric acid. In case stronger acid is required to 
bring the sample into solution, the excess acid is neutralized with 
ammonium hydroxide. The final volume of the solution should not 
exceed 25 cc., an aliquot part being taken if necessary. To the solu- 

“ F. W. Alack, J. Soc. Chem. Inch, 34, 936 (1915). 
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tion, or an aliquot part, add 10 cc. of glycerine and 5 cc. of 1 per cent 
alizarin reagent, and dilute to about 40 cc. After mixing, allow the 
solution to stand 5 minutes and then acidify with acetic acid until no 
further change in color is observed, gently mixing after each addition 
of acid. Finally, dilute the solution to 50 cc. with water, mix, and 
compare at once with a standard prepared along with the sample 
under as near the same conditions as possible. The comparison is 
made by the method of dilution or balancing. 

Notes. 

1. The color produced by adding alizarin reagent to dilute solu- 
tions of aluminum is not permanent and, hence, a series of natural 
standards is not satisfactory. On account of a slight fading that may 
occur before the matching can be made, the use of a set of artificial 
standards is not recommended. The method of duplication cannot 
be used on account of the time reejuired to produce the color after the 
alizarin has been added to the standard. 

2. A large excess of alizarin reagent is required and 5 minutes must 
be allowed for it to react with the alumina. After the addition of 
acetic acid, the comparison of color must be made as quickly as pos- 
sible on account of the fact the acid gradually attacks the finely divided 
jirccipitate, especially in the presence of phosphates. 

3. The colorimetric estimation of aluminum is not affected by mod- 
erate amounts of calcium, magnesium, and zinc salts, nor by relatively 
small quantities of phosphate, chromium, and iron. For example, 
0.003 mg. of A1 can be detected in the presence of 1 mg. of Fe^ ++ or 
10 mg. of Cr+ + +. Citric acid or a citrate may be used to keep larger 
amounts of iron in solution. If cobalt is present, an excess of ammo- 
nium hydroxide must never be used. 

4. Since aluminum is one of the most common impurities in chem- 
ical reagents, jt is necessary to be certain it is not present in any 
reagent employed in the analysis. Freshly distilled ammonia must 
be used for preparing the ammonium hydroxide solution, and the latter 
prepared only as needed. 

5. Nitric acid causes a more rapid fading of color than do the other 
acids and, hence, its use should be avoided as far as possible. 

Atack, loc. at. 
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DETERMINATION OF ALUMINUM BY HEMATOXYLIN 

Method of Hatfield 

This method is a modification of the hematoxylin or logwood test 
for aluminum and consists in forming the hematoxylin-aluminum color 
compound in samples of water which have been adjusted to pH 8.2 
to 8.3, and then acidifying the color solution to 4.5. The method 
gives results accurate to 0.1 part of aluminum per million parts of 
water, and is well fitted for routine water analysis in that it is rapid and 
not interfered with by the alumino complexes present in raw water. 


Reagents. 

1. Acetic acid, 30 per cent. Dilute glacial acetic acid with dis- 
tilled water. 

2. Ammonium carbonate. Use a saturated solution. Keep the 
solution in a glass-stoppcred bottle in the presence of an excess of 
solid amonium carbonate. 

3. Hematoxylin solution. Dissolve 0.1 gram of C. P. hematoxylin 
(white crystals) in 100 cc. of boiling distilled water. This solution is 
stable for 2 or 3 weeks. 

4. Standard aluminum solution. Dissolve 0.8405 gram of ammo- 
nium alum, (NH 4 ) 2 SO.i-Al 2 (SO.,) 3 -241120, in distilled water, dilute to 
a liter, and mix thoroughly. Dilute one cubic centimeter of this solu- 
tion to SO cc. One cubic centimeter of the diluted solution contains 
1 .0 p.p.m. aluminum. Use also a 1 : 10 dilution of the standard solution. 

Procedure.— Place .SO cc. of the water to be tested in a 50 cc. 
Nessler cylinder (tall form), add 1 cc. of a saturated solution of ammo- 
nium carbonate and 1 cc. of hematoxylin solution. Mix by inverting 
the tube twice. Allow the solution to stand for 15 minutes in order 
to develop the maximum lavender color, then acidify with 1 cc o 
30 per cent acetic acid and compare the color with that of standard 
color tubes prepared in e.xactly the same way and ;vt the saine time 
by using standard ammonium alum solution and distilled water (sec 
Note 3) to represent 0.0 to 1.0 p.p.m. aluminum. 

Notes. 

1. When the concentration is less than 0.15 p.p.m aluminum the 
color is compared against white paper through the length of the Nessler 

“Ind. Eng. Chem., 16, 233 (1924). 
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cylinders, but with higher concentrations it is best to make the com- 
parison througli the sides of the tubes. 

2. The unknown and standard color solutions should be made as, 
near at the same time as possible, because the color varies with the time 
of formation. A difference of 15 minutes will make some difference in 
the tint, but will allow readings to O.l p.p.m. aluminum. 

3. If color standards prepared with distilled water are unsatisfac- 
tory because of interfering ions, the standards should be made with the 
raw water which has been filtered through a Berkefeld filter. In this 
way the naturally occurring ions which interfere with the color reac- 
tion are compensated for in the standards. In using the Berkefeld 
filter care must be taken that it docs not oecome contaminated with 
alum dust from the plant. 

4. “ Many comparisons of results obtained by the gravimetric 
method and the modified hematoxylin method have been made on fil- 
tered water samples with hydrogen-ion concentrations ranging from 
3.3 to 9.0 pll units. The comparisons show that the results check 
very satisfactorily where the />H values of the samples were above 6.0. 
Samples of the filtered water with values below 6.0 very rapidly 
dissolve silica from the ordinary Hint glass laboratory sample bottles. 
This is particularly true as the acidity increases. Unless special pre- 
cautions are taken to remove all silica, the gravimetric results on these 
acid samples are high. The modified hematoxylin method gave very 
consistent results on acid samples, which compared closely with the 
theoretical amount of aluminum ions added. Near the two extreme 
ends of the aluminum hydroxide insolubility zone {pli 5.7 to 7.3) the 
hematoxylin method is more sensitive than the gravimetric method.’’ 


W. I). Hatfield, loc. cil. 
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ANTIMONY AND ARSENIC 

DETERMINATION OF ANTIMONY AS THE SULFIDE 

This method ^ is especially adapted to the determination of anti- 
mony in alloys (copper, brass, etc.) in amounts varying between 

0.003 and 0.1 per cent. The copper is removed by precipitation in 
H2SO4 solution with NaH2P02. Hydrochloric acid is then added to 
the filtrate and more NaH2P02 added. This precipitates the arsenic. 
The antimony is next precipitated by Cu as in the Reinsch test. The 
antimony is dissolved by treatment with Na202, a trace of Cu++ is 

precipitated by ZnS, the SbOi reduced to Sb+++ by SO2, the SO2 

eliminated by boiling, and the solution finally saturated with H2S after 
the addition of a little gum arable solution. The resulting yellow col- 
loidal suspension of Sb2S3 is matched against a standard suspension. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Sulfuric acid, 6 N and 9 N. 

3. Nitric acid, 6 N. 

4. Hydrochloric acid, sp. gr. 1.19. 

5. Hydrochloric acid, 6 N. 

6. Sodium hypophosphite, NaH2P02. 

7. Sodium peroxide. 

8. Strip of metallic copper, about 1.5 X 10 cm. 

9. Zinc sulfide. 

10. Sulfur dioxide. 

1 1 . Hydrogen sulfide. Use pure H2S prepared as directed on p. 240. 

12. Benzene. 

13. Gum arabic solution, 1 per cent. 

14. Standard antimony solution. Dissolve 0.2668 gram of potas- 
sium antimonyl tartrate, K(Sb0)C4H40ti, in hydrochloric acid and 

^ B. S. Evans, Analyst, 47, 1 (1922). 
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dilute to one liter, adding a little more acid if needed to keep the aiui^ 
mony in solution. Uk thoroughly. One cubic centimeter of this 
solution contains 0.1 mg. of antimony. 

Procedure. Dissolve 5 grams of the alloy in 60 cc. of 6N 
and 10 cc. of H2SO4 (sp. gr. 1 .84). Evaporate until dense white fumes 
are given off, cool, and dilute to 100 cc. Next add 14 grams of solid 
NaH2P02; heat the solution almost to boiling, filter through a rapid 
filter into a 750 cc. flask, and wash the spongy copper several times 
with hot water. Add 2 grams more of NaH2P02, 100 cc. of HCl 
(sp. gr. 1.19), and boil 15 minutes to precipitate the arsenic. Add more 
NaH2P02 if needed to complete the precipitation of the arsenic. 
Finally add 10 cc. of benzene, which will serve to condense the col- 
loidal arsenic, and filter through a filter previously wetted with water. 
The mixture of colloid and benzene will not pass through the wet 
filter. Test the filtrate by boiling to see if more arsenic precipitates. 
Should arsenic still be present, add more NaH2P02. To the final fil- 
trate, after complete removal of arsem'c, add a strip of copper foil, 
about 1.5 X 10 cm., which has been coiled into a flat spiral and cleaned 
by heating in 6 N HNO3 and washing with water. Gently boil the 
solution 1.5 to 2 hours. The antimony precipitates on the copper foil. 
Decant the solution, wash the antimony deposit rapidly with cold 
water, and quickly place it in a beaker, cover with water and add 1 
gram of Na202. Heat until the deposit has apparently dissolved and 
decant the solution. Wash the copper foil several times with cold 
water. It will be tarnished with a little CuO. Cover it with 6 N HCl. 
This will remove the stain due to CuO. If the coil is not bright after 
immersion in HCl, repeat the treatment with Na202 in order to 
remove the remaining small quantity of antimony. To the solution 
containing the antimony add 0.5 gram of ZnS and let stand about 2 
hours to insure the precipitation of the last trace of copper as CuS. 
Then filter, wash the precipitate with a little cold water, acidify with 

HCl and introduce SO2 to reduce Sb04 to Sb+++. This should 

require only 3 to 5 minutes. Boil gently until every trace of SO2 has 
been driven off. It is advisable to evaporate to a volume of 10 cc. 
Measure out 5 cc. of the standard antimony solution, add 80 cc. of 
water, reduce with SO2 and concentrate as in the solution analyzed. 
Cool both solutions, add to each 5 cc. of a 1 per cent gum arabic solu- 
tion, and pass H2S into them until the maximum color develops. This 
will require only a few seconds. Transfer the solutions to Nessler 
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tubes and dilute the stronger one until it matches the other. By 
measuring the height of each solution, the quantity of antimony is 
Ccisily calculated. 

Notes. 

1. The gum arabic solution is added to keep the SbaSu in colloidal 
suspension. 

2. If the alloy contains a large amount of tin, low results will be 
obtained due to the precipitation of antimony with the metastannic 
acid gel. In order to prevent this, add 5 grams of KHC4H40,3 after 
diluting the evaporated H2SO4 solution. The KHC4H40(i will keep 
the antimony in solution but prevents the copper precipitating as 
easily as it would otherwise. Hence, it is necessary to add 14 grams of 
NaH2P02. 

3. The presence of bismuth docs not interfere with the analysis. 


REt'IbRKNCKS 

1. 1\ Schidrowitz and II. A. Goldsbrough, Analyst, 101 (1011), 

2. W. Beam and G. A. Freak, ibid., 44, 196 (1919). 

3. B. S. Evans, ibid., 47, 1 (1922). 


DETERMINATION OF ARSENIC BY FORMATION OF A STAIN 
ON MERCURIC BROMIDE PAPER BY ARSINE 

The method depends upon the reduction of arsenates first to arsen- 
ious acid and finally to arsine. The arsine is then passed over strips 
of paper impregnated with mercuric bromide and the stains produced 
on the paper arc compared with stains produced by known amounts of 
arsenic. 

Reagents. 

1. Hydrochloric acid, 3 N. 

2. Sulfuric acid, 6 N. 

3. Ferrous sulfate, C. P. 

4. Potassium iodide, C.P. 

5. Stannous chloride. Saturate hydrochloric acid solution (sp. gr. 
1.2) with tin, dilute with an equal volume of water, and add a slight 
excess of acid from time to time. Keep a strip of metallic tin in the 
bottle. 



12t) AxNTlMONV AND ARSENIC 

6. Lead acetate. A 5 per cent solution and also strips of lead 
acetate paper. 

7. Zinc. Arsenic-free. 

8. Mercuric bromide paper. Soakheavy strips (2.5 cm. X 12 cm.) 
of drafting paper in a 5 per cent solution of mercuric bromide for an 
hour, remove the strips, squeeze out the excess of solution, and hang 
them up to dry. 

9. Standard arsenic solution. Dissolve 0. 1320 gram of pure arseni- 
ous oxide, As20;i, in 2.5 N sodium hydroxide, add several hundred 
cubic centmieters of water, acidify with hydrochloric acid, and dilute 
to a liter. Thoroughly mix. Ten cubic centimeters of this solution are 
diluted to 250 cc. One cubic centimeter of the diluted solution contains 
0.004 mg. of arsenic. 

10. Standard arsenic stains. A series of stains is prepared in the 
same way as that specified for the sample (see procedure below). The 
arsenic should vary at intervals from 0.001 to 0.05 mg. 

Procedure. — Unless the sample contains iron, the latter must be 
added (in the form of a ferrous salt) before the reduction of the arsenic. - 
The reduction of arsenate to arsenious acid is obtained by heating 
almost to boiling the sample in 3 N HCl with KI and a few cubic 
centimeters of stannous chloride. The arsenic content of the sample 
must be less than 0.04 mg. 

The generator consists of a small (1 or 2 oz.) wide-mouth bottle 
fitted with an upright tube about 15 cm. long. The tube is divided 
into two chambers; the upper is filled with cotton moistened with lead 
acetate solution, the lower is filled with strips of lead acetate paper. 
A strip of the mercuric bromide paper is suspended in a capillary tube 
(3 mm. X 12 cm.) which is attached to the top of the 15 cm. tube. A 
‘‘ blank ” run for 1 hour is made with 40 cc. of 6 N sulfuric acid, 5 
drops of the stannous chloride solution, and about 10 grams of arsenic- 
free zinc. The sample, reduced as mentioned above, is then introduced 
into the genclator. The arsine evolved comes in contact with the 
mercuric bromide paper in the capillary and produces a deep orange 
stain of varying length. The stain shades sharply to a light yellow 
and then to the untouched paper. The stained paper is matched 
against a series of stains produced by known amounts of arsenic. 


* W. S, Allen and R. M. Palmer, Grig. Com. 8th Intern. Cong. Appl. Chem., 1, 9 (1912); 
see also U. S. Dept, of Agriculture, Bureau of Chem., Bulletin No. 102. 
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Notes. 


1. Sullides, compounds of antimony, and phosphoric acid interfere 
with the analysis due to the formation of hydrogen sulfide, stibine, and 
phosphine, respectively. The arsenic may be separated from anti- 
mony by precipitation with magnesium phosphate, but this is not very 
satisfactory. It is better to concentrate a large amount of the sub- 
stance and estimate the arsenic gravimctrically. Sulfides and phos- 
phoric acid may lie removed by oxidation with nitric acid. Fluorine, 
if present in more than a trace, must be removed from the sample. 

2. The purpose of the stannous chloride solution in the reduction 
of arsenates to arsenious acid is to take up any iodine liberated during 
the reduction. 

3. Arsenates may be reduced to arsenious acid by the action of 
nascent hydrogen. This method, however, is difficult and it is better 
to reduce the arsenate before adding the sample to the generator. 

4. The purpose of the lead acetate in the generator tube is to remove 
traces of hydrogen sulftde which would stain the mercuric bromide 


paper. 

5. It is necessary to run a ‘‘ blank ” in order to be certain that 
arsenic is not introduced by any of the reagents. 

6. The series of standard stains are prepared in the same way 
as the stain from the sample and will keep for six months if made with 
mercuric bromide papers. Mercuric chloride papers, can be used but 
the standard stains will fade in a few days. 

7. The length of the orange stain varies with the amount of arsenic 
present. If antimony is present the stain is longer and of a lighter 
shade of color than the standard. A stain due to antimony will fade 
when exposed to hydrochloric acid fumes, while an arsenic stain is 
intensified.^ 

8. The purpose of adding stannous chloride to the generator is 
to sensitize the zinc. 

9. Arsenic-free iron is recommended for use in the generator in 
place of zinc.^ The former produces arsine but not the undesired 
stibine or phosphine. 

10. The generator must be adjusted so as to give a uniform mte of 
production of hydrogen during the formation of the sample stain and 


"Disc. 8th Intern. Cong. AppI.Chcm., 27, 4(1912). 

* Cf. F. I). Snell, Colorimetric Analysis, p. 66. D. Van Nostrand Co., New York, 1921. 
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those of the standards. Any organic matter in the sample must be so 
treated that it will not interfere with the desired rate of flow of hydro- 
gen. 


DETERMINATION OF ARSENIC BY SILVER NITRATE® 

This is a modification of the mercuric bromide method, the only 
diflerence being that a few crystals of silver nitrate are put in the 
capillary tube in place of the mercuric bromide paper. A black stain 
is produced on the crystals by the arsine and is compared with standard 
stains produced by known amounts of arsenic in a similar way. A 
series of standard tubes, representing varying amounts of arsenic, may 
be prepared and sealed. These will keci) indefinitely. 

DETERMINATION OF ARSENIC BY QUININE ARSENOMOLYBDATE 

The method is based upon the colloidal suspension jiroduced by 
adding quinine arsenomolybdate reagent to a solution containing 
pentavalent arsenic. 

Reagents. 

1. Molybdenum trioxide solution. Dissolve 3.5 grams of NaoCOa 
in 50 cc. of water, add 9.5 grams of MoO;{, heat on the water-bath till 
solution is complete, cool, dilute to 100 cc., ami mix thoroughly. 

2. Nitric acid. Dilute 25 cc. of HNO3 (sp. gr. 1.34) to 100 cc. 

3. Standard arsenic solution. Add 1.3202 grams of pure AsoOs 
to dilute HNO;j, evaporate on a water-bath nearly to dryness, dilute 
to a liter, and mix thoroughly. Ten cubic centimeters of this solution 
are diluted to a liter and thoroughly mixed. One cubic centimeter of 
the diluted solution contains 0.01 mg. of arsenic. 

4. Quinine arsenomolybdate reagent. Dissolve 0.5 gram of 
neutral quinine hydrochloride in 10 cc. of water, add 5 cc. of (3) and 10 
cc. of (2), amrthen 1 cc. of (1), drop by drop with continuous stirring. 
The addition of reagent (1) forms a precipitate which almost com- 
pletely redissolves in a few minutes, giving a slightly opalescent mix- 
ture. This is diluted to 120 cc., mixed, and filtered through a filter 
that has been washed with dilute HNO3 and then with water. 

Procedure.— A sample is taken having an arsenic content between 
0.008 and 0.035 mg. In the absence of H2S group metals, the solution 

®L. Moreau and E. Vinet, Compt. rend., 158, 869 (1914). 
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of the sample is strongly acidified with acid, saturated with H^S ston 
pered, and allowed to stand 24 hours. Then filter through asbest<Is 
wash, dissolve the precipitate in hot concentrated HNO 3 containing 
bromine water, and evaporate the filtrate and washings to dryness on 
the water-bath. The residue is taken up in 20 cc. of the quinine 
arsenomolybdate reagent. At the same time a standard is prepared 
by adding 0.5 cc. of ( 2 ) to 2.5 cc. of (3), then 2 cc. of water, and 20 cc 
of (4) . ^ After the solutions have stood 15 minutes they are compared in 
a colorimeter. If desirable, the sample can be compared with a series 
of standards representing varying amounts of arsenic. 


Notes. 

1 . Organic matter interferes with the analysis and must be 
destroyed by ( 1 ) H 2 SO 4 and HNO 3 , ( 2 ) HCl and KCIO 3 , or ( 3 ) by 
igniting with CaO or with MgO and Mg(N 03 ) 2 . 

2 . Interfering metals are removed by means of H 2 S or by distill- 

ing the arsenic as ASCI 3 . Procedure "whenlLiS ^roup tnelols are present . — ■ 
After destroying the organic matter with H 2 SO 4 and HNO 3 , most of 
the H 2 SO 4 is driven off, the cooled residue (less than 1 cc.) taken up 
with water, transferred to a 50 cc. glass-stoppered retort, and a little 
KCl, a little KBr, and a few crystals of hydrazine sulfate are added. 
The neck of the retort is slightly inclined upwards, and is connected to a 
vertical bulbed tube, the end of which has been drawn out to a fine 
opening, the latter dipping into a few cubic centimeters of water. 
Carefully distill the solution nearly to dryness, cool, add 1 cc. cone. 
HCl, again distill almost to dryness, and repeat 3 or 4 times. Add to 
the distillate 20 to 30 cc. of water, 5 cc. of concentrated HNO 3 , 5 cc. 
of bromine water, and evaporate to dryness on the water-bath. The 
residue is treated with 20 cc. of the quinine arsenomolybdate solution 
and after standing 15 minutes is compared with a standard prepared 
as described in the Procedure. • 

3. If the organic matter was destroyed by igniting with CaO, or 
MgO and Mg(N 03 ) 2 , the mass is dissolved in the least possible amount 
of HCl and water, and the distillation carried out as directed in Note 2. 

4. If antimony or mercury is present, the temperature must be 
kept below 115® C. to prevent them from passing over into the distil- 
late. Should this happen, they would cause loss of arsenic in the sub- 
sequent evaporation. 



130 


ANTIMONY AND ARSKNIC 


5. This method has been tested by Chouchak® using solutions of 
known arsenic content, both alone and after the addition of copper, 
mercury, antimony, and organic matter (sugar, wine), and excellent 
results were obtained. With amounts of arsenic varying between 
0.00257 and 0.0429 mg. the errors were between 0.0001 and 0.0012 mg. 

* Ann. chim. anal. chim. appl. [2], 4, 138 (1922). 
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BISMUTH, BORON, AND BROMINE 
DETERMINATION OF BISMUTH AS THE IODIDE 


Method A 

When potassium iodide is added to a dilute nitric or sulfuric acid 
solution containing a small amount of bismuth a yellow color is pro- 
duced, due to the formation of bismuth iodide. The depth of color is 
proportional to the bismuth content of the solution. The method is 
suitable for the determination of bismuth in small quantities. The 
weight of bismuth in the sample taken for analysis must not be over 

0.15 rag.^ 


Reagents. 

1. Nitric acid, 6 N. 

2. Sulfurous acid. Use a saturated solution. 

3. Sodium carbonate, 3 N. 

4. Ammonium carbonate, 3 N. 

5. Ammonium hydroxide, 6 N. 

6. Lead nitrate, 13.5 grams per liter. 

7. Potassium iodide. Dissolve 17 grams in water and dilute to a 


liter. 

8. Standard bismuth solution. Dissolve 0.2321 gram of bismuth 
nitrate, Bi(N 03 ) 3 ' 5 H 20 , in dilute nitric acid, dilute to a liter and 
thoroughly mix. Or, a similar standard may be made by dissolving 
0.1 gram of pure bismuth in nitric acid and diluting to a liter, care 
being taken to have suflicient acid present to prevent the bismuth pre- 
cipitating as the sub-nitrate. Each of these solutions contain 0.1 ing. 
of bismuth per cubic centimeter. For the dilution or balancing meth- 
ods the standard is further diluted as follows: ^dd 10 cc. o amcen- 

med nitric acid t. so cc. .1 >h. smM, <U1.K »* 

«.ler, .id 2S cc. of poM-' Mid" “d * 

1 Eng. Mining J., 104, 1091 (1917). 
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acid, dilute to a liter and mix thoroughly. This solution contains 

0. 005. mg. of bismuth per cubic centimeter. 

Procedure. — A sample is taken such that the bismuth content is 
not over 0.15 mg. and, if a solid, is dissolved in a small quantity of 
nitric acid. Sodium carbonate is then added to the solution of the 
sample. Bismuth, together with other metals, is precipitated and 
filtered. Test the filtrate to see if all of the bismuth was precipitated. 
If not, then more time must be given to allow the precipitate to form. 
In exceptional cases this may require 5 hours. Thoroughly wash the 
precipitate, dissolve in nitric acid, add 5 cc. of lead nitrate solution, 
nearly neutralize the solution with ammonium hydroxide and add 
ammonium carbonate in slight excess. Bismuth sub-nitrate precip- 
itates almost free from other metals. Dissolve the bismuth sub- 
nitrate in nitric acid, taking care to thoroughly wash all parts of the 
filter with the acid. The volume is adjusted to about 25 cc. (by evap- 
oration or dilution), 10 drops of sulfurous acid and 5 cc. of the potas- 
sium iodide solution are added and the solution diluted to a liter. 
Thoroughly mix. The color of the solution is then compared with a 
standard bismuth solution. Any of the four methods of comparison 
may be used. 

Notes. 

1. The solution must be free from large amounts of lead, copper, 
tin, antimony, gold, and silver. These metals are removed by pre- 
cipitation. Much copper, arsenic, and iron cause high results due to 
the liberation of iodine. Ammonium chloride, hydrochloric acid, and 
large amounts of antimony give low results. 

2. The precipitation of bismuth may be hastened by thorough 
stirring or shaking. 

3. In case the precipitate of bismuth sub-nitrate seems too impure 
it is redissolved in nitric acid and reprecipitated. If copper is present, 
as indicated by the color of the solution, a few cubic centimeters of 
potassium cyanide solution are added to decolorize the solution before 
the reprecipitation. 

REFERENCES 

1. P. Planes, J. pharm. chiin., 18, (vi), 385' (1903). 

2. H. W. Rowell, J. Soc, Chem. Ind., 27, 102 (1908). 

2H. W. Rowell, J. Soc. Chem. Ind., 27, 102 (1908). 
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Method B 

This method is based upon Aubry’s iodoquinic reagent which gives 
an orange-red color to dilute solutions of bismuth in acetone. 


Reagents. 

1. Nitric acid, 10 per cent. 

2. Iodoquinic reagent (Aubry’s reagent). One gram of quinine 
sulfate, 3 or 4 drops of sulfuric acid, and 2 grams of potassium iodide 
are dissolved in 100 cc. of water. 

3. Standard bismuth solution. Use same as that in Method A. 

Procedure. A 10 cc. solution of the sample (Bi content between 

0.1 and I mg.) in 10 per cent nitric acid is mked with 2 cc. of the iodo- 
quinic reagent and 8 cc. of acetone, and the resulting color matched 
against that of a standard prepared similarly. 

Note. — Cuny and Poirot make the analysis in water solutions to 
which has been added gum arabic. The latter keeps the bismuth pre- 
cipitate in colloidal suspension. Their results vary from — 3.vS per 
cent to 4-2.4 per cent of the theoretical. The .sources of error arc: 
(1) Free acids, except HNO3 as used in the procedure and (2) several 
metal salts (c.spccially iron salts) which set iodine free. In most cases 
the gum arabic prevents precipitation, but the salts may cause floccu- 
lation. The sample and standard should be prepared under as near 
the same conditions as possible. 


kkki:kig\ces 

1. P. Aubry, J. pharm. chini., 25, l.S (1922). 

2. E. Cuny and G. Poirot, ibid., 28, 215 (1923), 

.b C. E. Laportc, ibid., 28, 304 (1923). 


DETERMINATION OF BORIC ACID BY TURMERIC PAPER 

In this method the boric acid in the sample is treated with methyl 
alcohol, the resultant methyl borate distilled into an alkali solution 
and, after further treatment, the stain made on a standard turmeric 
paper is matched against a scries of stains similarly produced with 
known amounts of boric acid. Or, the methyl borate distillate may be 
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evaporated to dryness, the residue taken up in a little water and hydro- 
chloric acid, an ethyl acetate solution of turmeric added, and the result- 
ing red color matched against a standard prepared by treating in the 
same way a solution containing a known quantity of boric acid. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.162. 

2. Phosphoric acid. 

3. Sodium carbonate, 1 N. 

4. Methyl alcohol. 

5. Turmeric paper. Select a good grade of drafting paper of 
uniform thickness and cut it into narrow strips (say 2 or 3 mm.). The 
papers arc then soaked in a solution of tumieric, the excess of solution 
squeezed out, and the papers dried. The saturation must be made as 
uniform as possible. 

5. Turmeric solution. Shake an excess of turmeric powder with 
95 per cent ethyl alcohol, and filter the mixture. 

6. Standard borate solution. Dissolve 0.2739 gram of sodium 
tetraborate, Na^B^OT* lOTDO, in water, dilute to a liter, and mix thor- 
oughly. One cubic centimeter of this solution contains 0.1 mg. of 
B2O3. 


The Use of Turmerk^ Paper 

Procedure. — A sample of suitable size (see Note, p. 135) is placed 
in a platinum dish together with a little sodium carbonate and ignited 
until all organic matter has been destroyed. The ash is then treated 
with 5 to 10 cc. of phosphoric acid, the mixture poured into a small 
distillation flask, the dish rinsed out with 20 cc. of methyl alcohol and 
the washings added to the flask. Connect the flask to a condenser 
and distill from a water-bath, collecting the distillate in a platinum 
crucible containing a few drops of the sodium carbonate solution. 
Ten cubic centimeters more of methyl alcohol are added to the flask 
and the distillation again made, the distillate being collected in the 
crucible with the first one. Evaporate the combined distillates to 
dryness, cool, add 4 drops of hydrochloric acid and 0.5 cc. of water, 
transfer the solution to a small vial 3C mm. high (rinsing several times 
with 2 or 3 drops of water), and dilute to 1.5 cc. as shown by a mark on 
the vial. A strip of the turmeric paper (45 X 3 mm.) is then immersed 



DETERMINATION OE BORIC ACID BY CURCUMIN 


135 


in the liquid 15 min. and allpwcxl to soak 3 hours at a temperature of 
35° C. or 10-24 hours at room temperature. The height m milli- 
meters of the red color thus produced is compared against a scries of 
standard papers prepared by soaking strips of turmeric paper in solu- 
tions containing known amounts of borate treated in the same manner 
as the sample. 


The Use oe Turmeric Solution 

Procedure.— The method of procedure is the same as directed 
above, except that the residue olitained from evaporation of the 
distillate is dissolved in 1 cc. of water and 2 cc. of hydrochloric 
acid (sp. gr. 1.162). One cubic centimeter of the ethyl acetate 
solution of turmeric is then added to the sample and to each of the 
standards similarly treated and containing known amounts of B 20 :i. 
The resulting red colors are compared after standing 50 minutes. 

Note.- The size of sample taken for analysis depends upon the 
amount of borate suspected. Usually 1 gram is sufficient in case the 
sample is of vegetable origin, while 10 grams or more are ordinarily 
•taken in case it is of animal origin. 


REEICRENCES 

1 G Bertrand and IT. Agulhon, Bull. soc. cliim., 7, 90, 12.5; Ann. chim. anal, appl., 15, 
45, 89; C'ompt. rend., 157, 143.1; ibid., I5S, 201; Bull. soc. chim,, 15, 292; Bull. sci. 
pharmacolog., 21, 68. 

2. G. Halphen, Ann. fals., 8, 1 (1915); J. Sue. Clicm. Ind., 34, 278. 

DETERMINATION OF BORIC ACID BY CURCUMIN 

'fhe iiiclhod is buseil upcin the ral color produocil when boric acid 
is added to a solution of curcuniin containing oxalic acid. It is csirc- 
cially adapted to the estimation of boric acid present in food as an 
adulterant. 


Reagents. 


1. Hydrochloric acid, 6 N. 

2. Oxalic acid. Saturated solution. 

3. Barium hydroxide. Saturated solution. 

4. Curcumin. Dissolve 0.5 gram m 500 cc. of alcohol. 


*C. E. Cassal and II. Gerrans, ('hem. News, 87, 27 
Analysis, p. 126. D. Van Nostrand Co., New York, 1921 


(1903); cf. Snell, Colorimetric 
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5 . Alcohol, 95 per cent. 

6. Standard borate solution. Dissolve 0.2739 gram of sodium 
tetraborate, Na2B207- IOH2O, dilute to a liter and mix thoroughly. 
One cubic centimeter of this solution contains 0.1 mg. of B2O3. 

Procedure— Place the sample in a platinum or porcelain dish, 
make strongly alkaline with barium hydroxide, evaporate to dryness 
on a paraffin-bath at 105 ° C., acidify the residue with hydrochloric 
acid and extract with several small portions of hot water. Filter the 
combined extracts into a 100 cc. flask. Transfer the filter and its con- 
tents to a platinum dish, make alkaline with barium hydroxide, and 
ignite in a Bunsen flame till the carbon has been removed. Dissolve 
the ash in a little hydrochloric acid, add the solution to the filtrate in 
the 100 cc. flask, dilute to the mark, and mix thoroughly. Pipette olT 
10 cc. of this solution, mix it in a porcelain dish with 10-15 grams of 
purified sand, make alkaline with barium hydroxide, and evaporate 
to dryness on a paraffin-bath, stirring from time to time to insure 
thorough mixing. Acidify the residue with hydrochloric acid, add 2 
cc, of the oxalic acid solution, 2 cc. of the curcumin solution, mix thor- 
oughly, and cover the dish with a large glass funnel (which extends 
well over the edge of the dish) whose stem is connected to a set of pot- 
ash bulbs half filled with barium hydroxide solution. The potash 
bulbs are placed in cold water and connected to an aspirator. The 
dish is again heated on the paraffin-bath to dryness, this time a current 
of air being slowly drawn through the potash bulbs by suction. Add 
1 cc. of the curcumin solution to the residue and again heat to dryness. 
The dry mass is now extracted with several small portions of alcohol, 
the solution in the potash bulbs added to the residue, and the mixture 
evaporated to dryness. Acidify the residue with hydrochloric acid, 
treat it with the same reagents as used with the original substance, 
heat to dryness and extract with several small portions of alcohol. 
Add this extract to the previous one, filter, and match the color of 
the solution against a standard by the method of dilution or balancing. 
The standard is prepared by treating 10 cc. of the standard borate 
solution in the same manner and along with the sample. 

Notes. 

1 . In case the final solutions of the sample and standard do not 
match in tint, one having more of an orange tint than the other, it is 
due to an excess of curcumin. Add one or two drops of the curcumin 
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solution until similar tints are obtained and match by dilution or bal- 
ancing. 

2. The purpose of mixing sand with an aliquot piirt of the solution 
is to secure complete and intimate contact between the reacting sub- 
stances at the drying-point (which is the point of reaction). 

3. The use of the funnel and potash bulbs is to prevent small losses 
of boric acid due to evaporation. Free boric acid in solution is far 
more easily lost by evaporation than seems to have been generally 
supposed. 

4. The second treatment of the ash from the 10 cc. aliquot part is 
usually sufficient to insure all the boric acid having entered into reac- 
tion. 


DETERMINATION OF BROMINE « 

This method consists essentially in liberating the bromine from its 
salts by means of chlorine-water, dissolving the free bromine in carbon 
tetrachloride and matching the resulting yellow to reddish-brown solu- 
tion thus obtained with a series of standard solutions shnilarly pre- 
pared with known amounts of sodium bromide. While the pro- 
cedure was developed primarily for commercial natural brines, it will 
doubtless also apply to the analysis of artificial brines, such as those 
used in the manufacture of soda ash and in electrolytic cells. 

Reagents. 

1. Sulfuric acid, 1 N, 

2. Sodium carbonate, 1 N. 

3. Chlorine-water. Use a saturated solution. 

4. Carbon tetrachloride. 

5. Standard bromide solution. Dissolve 6.4390 grams of pure 
sodium bromide in water and dilute to a liter. Thoroughly mix. 
One cubic centimeter of the solution contains 5 mg. of, bromine (as 
bromide) . Dilute 50 cc. of this solution to 500 cc. with water and mix 
thoroughly. The diluted solution contains 0.5 mg. of bromine (as bro- 
mide) per cubic centimeter. 

Procedure.— Place 100 cc. of the brine in an evaporating dish, add 
sodium carbonate until the liquid is alkaline and evaporate to dryness. 
Dissolve the residue in a little water and filter into a 250 cc. volu- 

* 0. R. Sweeney and J. R. Withrow, J. Ind. Eng. Chem., 9, 674 (1917). 
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metric flask. Add sulfuric acid until the solution is distinctly acid, 
dilute to the mark and mix thoroughly. Place 25 cc. of the solution in 
a 50 cc. Nessler cylinder, add chlorine-water until the maximum depth 
of color develops, then add 10 cc. of carbon tetrachloride and shake 
thoroughly. Compare the resulting carbon tetrachloride solution of 
bromine with a set of standards made in a similar way, using known 
amounts of sodium bromide. This comparison will give the approxi- 
mate amount of bromine in the sample solution. Then prepare a set 
of standards containing bromine very close above and below the 
amount estimated to be in the sample. Take another 25 cc. portion 
of the sample, add chlorine-water until the maximum depth of color 
develops and add the same amount to each of the standards. Shake 
the sample with 10 cc. of carbon tetrachloride, pour onto a wet filter 
and when the water has drained off, x>uncturc the filter and catch the 
liquid in a 25 cc. Nessler cylinder. Match the color against a set of 
standards similarly prepared. 

Notes. 

1. It is best to make the final extraction, filtering, etc., in a dark- 
ened room, but this is not essential. 

2. In case the sample does not exactly match the standard, the 
darker solution may be diluted with carbon tetrachloride; or, since the 
oi)eration is so simifle, a new set of standards may be prepared. 

3. If a test shows that not all of the bromine was extracted by the 
10 cc. of carbon tetrachloride a second extraction must be made. 
Usually this will not be necessary. 

4. Traces of iodine present in most brines do not interfere and the 
iodine need not be reported. 
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CALCIUM 

DETERMINATION OF CALCIUM BY ALIZARIN ^ 

This method depends upon the insolubility of calcium alizarinate. 
The calcium is first precipitated as the oxalate, then converted into the 
alizarinate under well-defined conditions, the latter filtered off, decom- 
posed by oxalic acid, and the liberated alizarin dissolved in alcohol, 
the solution made just alkaline with ammonia and diluted to a definite 
volume. The resultant solution of ammonium alizarinate is matched 
in color against a similar solution as standard. 

Reagents. 

1. Hydrochloric acid IN. 

2. Oxalic acid. 

3. Ammonium hydroxide, sp. gr. 0.90. 

4. Ammonium oxalate. A saturated solution and a 0.1 per cent 
solution, 

5. Sodium acetate. Make a saturated solution and add a little 
ammonium oxalate to precipitate any calcium present. 

6. Alcohol, 95 per cent, 

7. Alizarin reagent. Dissolve 1 part of pure alizarin in 1000 parts 
of 95 per cent alcohol. 

8. Standard alizarin solution. Prepare accurately a 0.001 molar 
solution of pure alizarin in 95 per cent alcohol. Two cubic centimeters 
of this solution are placed in a 50 cc. volumetric flask* and 1 cc. of 
a strong solution of oxalic acid in 50 per cent alcohol is added together 
with a volume of 95 per cent alcohol approximately equal to the 
amount used in extracting the alizarin from the Gooch filter when deal- 
ing with the sample. Add water, make the solution just alkaline with 
ammonia, dilute to the mark, and thoroughly mix. Ihe solution is 

^ P. P. Laidlaw and W. W. Payne, Biochem. J., 16, 494 (1922). 
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then transferred to the colorimeter (Duboscq used by L. and P., loc. cit.) 
and a similar solution of the sample matched against it. 

Procedure. —A sample containing a few tenths (or less) of a milli- 
gram of calcium is taken for the anlaysis and carefully incinerated or 
sometimes, as in the case of blood scrum, it may be used directly. 
Dissolve the ash in 0.5 cc. of N HCl and transfer to a centrifuge tube, 
using about 2 cc. of wash-water. Then add I cc. of a saturated solu- 
tion of ammonium oxalate, 2 cc. of a saturated solution of sodium 
acetate (calcium free), mix thoroughly, and let stand for 3 hours, 
or over night if more convenient. The precipitated calcium oxalate 
is then centrifugalised (2 min. at 4000 r.p.m. is sufficient) to the bottom 
of the tube, the supernatant liquid sucked off as completely as possible 
without disturbing the precipitate, 3 cc. of a 0.1 per cent solution of 
ammonium oxalate added, the precipitate stirred up and the centrifu- 
galization repeated at once. Again remove the supernatant liquid as 
completely as possible without disturbing the precipitate. Dissolve 
the precipitate of calcium oxalate in 0.5 cc. of N HCl and transfer the 
solution to a test tube, washing out the centrifuge tube four or five 
times with water. The total volume of the diluted solution in the 
test tube should be between 8 and 10 cc. Add an excess of alizarin 
reagent (I cc. per 0.1 mg. of calcium), warm the solution on a water- 
bath to about 80"^ C., add five drojis of concentrated ammonium 
hydroxide solution and mix. The mixture turns a deep purple. 
It is kept warm for about an hour and then set aside to cool and stand 
till the next day. All of the calcium should then have precipitated 
in clumps of blue-black microcrystalline needles of calcium alizarinate 
at the bottom of the test tube and the supernatant liquid should be pale 
in color. 

The calcium alizarinate is filtered through a Gooch filter of fine 
asbestos, using gentle .suction, and washed with dilute ammonia. The 
test tube in which the crystallization took place is put under the deliv- 
ery from the Gooch crucible. Now pour over the precipitate 1 cc. of a 
strong solution of oxalic acid in 50 per cent alcohol, being careful to 
cover every part of the filter. The calcium alizarinate is at once 
decomposed and the color changes from the blue-black to orange. 
The alizarin thus liberated is washed through the filter (along with the 
excess of oxalic acid) with warm 95 per cent alcohol into the test tube. 
The alizarin solution is then transferred to a 50 cc. volumetric flask, 
the test tube being v/ashed out with dilute ammonia. Make the solu- 
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tion just alkaline with ammonia, dilute to the mark with water, thor- 
oughly mix, and transfer to the colorimeter for comparison against a 
standard solution of ammonium alizarinate. The alizarin in the sam- 
ple is calculated from the height of the column of solution which 
matches the standard, and this figure divided by six gives the weight 
of the calcium. 

Notes. 

1. A series of determinations of the composition of calcium alizar- 
iiiate, prepared under the conditions of the above procedure, shows 
that the calcium is only one-sixth of the weight of alizarin. Hence, to 
obtain the weight of calcium present in the sample it is only necessary 
to divide the weight of alizarin found by six. 

2. Using calcium-free reagents and pure alizarin, and avoiding 
undue haste, 0.1 mg. of calcium may be estimated to 0.002 or 0.005 mg. 
without much trouble. 

3. The calcium oxalate precipitate is allowed to stand 3 hours or 
longer, though most of the oxalate separates in a much shorter time. 
Especially in the case of direct estimations in blood serum the 3 hours’ 
standing gives more uniform results than shorter periods. L. and P., 
loc. cit. 

4. A reprccipitation of the calcium oxalate is made in order to 
obtain it free of magnesium (except possibly a trace) and with only a 
little excess of ammonium oxalate. 

5. The dilute IICl solution of the calcium oxalate should be 8 to 
10 cc. If a smaller voliune were used, some calcium oxalate might 
separate at a later stage in the procedure. 

C. Laidlaw and Payne suggest introducing a minute amount of 
crystalline calcium alizarinate after the 5 drops of strong ammonia 
have been added to the hot (80°) mixture. This insures a complete 
and ready separation of the calcium alizarinate in a crystalline form 
and hence facilitates filtration. * 

7. In filtering the calcium alizarinate, “ care must be taken not to 
suck much air through the filter since acids, even the carbonic acid of 
the air, will decompose the calcium salt.” L. and P., loc. cit. 

8. Paper filters arc not as satisfactory as asbestos. Ordinary filter 
paper contains significant amounts of interfering salts. 

9. The alizarin solutions of the sample and standard should be 
prepared under as nearly the same conditions as possible in order 
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that their tints match. A large excess of ammonia gives a purple tint 
instead of the red one obtained when the solution is just ammoniacal. 
A small difference in the ammonia content of sample solution and 
standard is insignificant, thanks to the buffer effect of the oxalate. 

10. Laidlaw and Payne ^ have tried the method on an artificial salt 
mixture, “ made up to imitate the ash of blood serum but with the 
magnesium in excess.” The solution had the following composition: 



Grams 

NaCl 

4.6340 

KHjPO* 

0.0395 

MgS04 

0.7577 

CaCOj 

0.2410 

HCl 

Water to make 500 cc. of solution. 

8 cc. 


A trace of iron was also present but was no disadvantage since it may 
be present in blood serum ash from hemoglobin. Table XI gives 
results obtained by Laidlaw and Payne when using various amounts 
of the above solution. 


TAHI.I-: xr 


Solution 
Taken, Cc. 

Ca Found 
Mg. 

Calculated 

Mg. 

Difference 

Mg. 

0.9 

0.171 

0.1737 

-0.0027 

0.7 

0.140 

0.135 

+0.005 

0.6 

0.117 

0.115 

+0.002 

0.5 

0.102 

0.096 

+0.006 

0.4 

0.0815 

0.077 

+0.0045 

0.3 

0.056 

0.058 

-0.002 


The samet authors made calcium determinations on mixed samples 
of human blood serum and found the results practically the same, 
whether the estimations were made on the ash of the serum or directly 
without ashing. 

11. Experiments by Laidlaw and Payne on heated serum indicate 
that heating causes part of the calcium to combine with the serum pro- 
teins and thereby prevents direct estimation. 

* Loc. cit. 
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DETERMINATION OF CALCIUM AS THE OLEATE * 

The method depends upon the pale yellow color produced by 
colloidal calcium olcate. Magnesium must be absent since it pro- 
duces a similar color. 


Reagents. 

1. Reagent A. Dissolve 20 grams of Rochelle salt and 7.5 grams 
of KOH in 100 cc. of water. 

2. Reagent B. Dissolve 2 grams of oleic acid and 0.5 gram of 
KOH in 400 cc. of alcohol and dilute to a liter. 

Procedure.— A solution of the sample containing 0.005 to 0.01 mg. 
of calcium is treated with 1 cc. of each of the reagents, diluted to 50 cc., 
shaken, allowed to stand one hour, and then compared with a series of 
standards produced similarly. 

DETERMINATION OF CALCIUM IN URINE ‘ 

This is a turbidimctric method. The calcium is first separated 
from the magnesium as oxalate, according to the method of McCrud- 
dcn.*'’ The calcium oxalate is then dissolved in dilute hydrochloric 
acid, the calcium reprecipitated as calcium soap, and the cloudy sus- 
pension compared in a colorimeter with a standard similarly prepared. 


Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Hydrochloric acid, 1 N. 

3. Oxalic acid, 2 per cent. 

4. Ammonium hydroxide, sp. gr. 0.90. 

5. Ammonium oxalate, 0.5 per cent. 

6. Sodium acetate, 10 per cent. 

7. PoUissium ricinate reagent. Dissolve 15 grams of poteium 
hydroxide in a mixture of 25 cc. of water and 100 cc. of alcohol. Warn 
the solution, add 100 cc. of castor oil, shake thoroughly and heat under 
a reflux condenser on a hot water-bath until a drop or two of the liquid 
dissolves in water with no free oil showing. About 7 hours heating are 
usually required. Keep this as a stock soluUon. Withdraw 35 cc. of 

< A. Gregoite. E. Carpiaux, E. Urosc, ami T. Sola, Bull. aoc. chim. Bel6.,32, 123 (1923). 

Lyman, J. Biol, Chem., 21, 551 (1915). 
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the stock solution and dilute it with 965 cc. of distilled water in which 
have been dissolved 9 grams of sodium hydroxide. The reagent 
should be clear and almost colorless. It must be made up fresh from 
the stock solution once a week. 

8. Standard calcium oxalate solution. Dissolve 0.5468 gram of 
calcium oxalate, CaC 204 -H 20 , in 0.5 N hydrochloric acid, dilute to a 
liter with the 0.5 N acid, and thoroughly mix. One cubic centimeter 
of this solution contains 0.15 mg. of calcium. 

Procedure. — If the urine is alkaline, slightly acidify it, filter, make 
just alkaline with concentrated ammonium hydroxide and then just 
acid with concentrated hydrochloric acid. Cool the solution if neces- 
sary and add 5 drops of concentrated hydrochloric acid for each 100 cc. 
of urine. 

A distinct turbidity (due to phosphate) formed upon making the 
urine alkaline may serve as an indicator; otherwise, use litmus paper. 
The intensity of the turbidity may also ser\'e to indicate the amount 
of urine to be taken for the analysis. In the case of a heavy turbidity 
take 5 cc. and for a slight one use 8 cc., 10 cc., or more. Usually with 
normal adults on a mixed diet 8 cc. gives the best results. 

Transfer by means of a pipette 5, 8, or 10 cc. of the acidified urine 
to a small Erlenmeycr flask, add 1 cc. of 2 per cent oxalic acid solution 
and 1 cc. of 10 per cent sodium acetate solution. Stopper the flask 
and thoroughly shake for 10 minutes. Rinse the stopper with a cubic 
centimeter or two of 0.5 per cent ammonium oxalate solution, pour the 
mixture into a centrifuge tube, rinse the flask with 2 cc. of the ammo- 
nium oxalate solution, and centrifuge until the supernatant liquid is 
perfectly clear. Two or 3 minutes will suffice. Carefully decant the 
supernatant liquid so as not to disturb the precipitate, wash the latter 
with 10 cc. of the ammonium oxalate solution, centrifuge, and care- 
fully decant as before. Dissolve the precipitate in 5 cc. of 1 N hydro- 
chloric acid. Use a stirring rod to hasten solution. Should the 
precipitate disljolve slowly, place the tube in hot water for several min- 
utes. Cool, and pour the solution into the original Erlenmeycr flask, 
rinsing both the tube and stirring rod with 5 cc. of distilled water. 
Stir the solution several minutes to dissolve any precipitate on the 
walls of the flask. Place in a similar flask 10 cc. of the standard cal- 
cium oxalate solution. Then by means of a pipette (with tip broken 
off) run into each flask 20 cc. of the potassium ricinate reagent. The 
flas’ s should be agitated during, the addition of the reagent. Thor- 
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oughly mix the ^suspensions, let them stand 2 minutes and then match 
the turbidities in a Duboscq or similar colorimeter. 

If 10 cc. of urine were taken for the analysis and the unknown set 
at 15 mm., the reading of the standard will equal the number of milli- 
grams of calcium in 100 cc. of urine. Deeper clouds may be read at 
10 mm., and lighter ones at 20 mm. In any case where the unknown 
is set at a given height and the standard read against it, the number 
of milligrams of calcium in 1 cc. is obtained by the following ratio: 

________ Read ing of the standard X 1 .5 

Height at which unknown was set X number of cc. of urine taken 

Notes. 

1. An alkaline urine made slightly acid is filtered in order that the 
subsequently precipitated calcium oxalate may be easily centrifuged 
out. 

2. Thoroughly shaking the calcium oxalate precipitate for 10 min- 
utes takes the place of standing over night.’’ The precipitation must 
not be made in a centrifuge tube, .since there is a tendency for the oxa- 
late crystals to cling to the walls of the tube. 

3. If the amount of urine taken for analysis contains less than 0.75 
mg. or more than 2.5 mg. of calcium, the readings will not be quanti- 
tative and another determination must be made using a volume of 
urine which has a calcium content between these limits. The difificulty 
cannot be overcome by diluting either the unknown or the standard 
after precipitation, since results thus obtained will not be accurate. 

4. If 5 cc. of the urine contain more than 2.5 mg. of calcium, it 
should be diluted and an aliquot part taken for analysis. On the 
other hand, if the calcium content is so low that an amount containing 
0.75 mg. will not go into the centrifuge tube, the necessary cpiantity is 
precipitated (using a proportionately greater volume of sodium acetate 
solution) and centrifuged in successive portions. , 

5. Large centrifuge tubes with round bottoms cannot be used, 
since part of the precipitate will always be lost during the decanta- 
tion. 

6. The clouds produced by precipitating calcium ricinate con- 
tinue to grow darker for 15 to 20 minutes, but in two solutions of dif- 

« F. H. McCrudden, J. Biol. Chem., 10, 187 (1911-12); cf. 11. Lyman, ibid., 21, 553 
(1915). 
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ferent strength (calcium content between 0.75 and 2.5 mg.) the increase 
of turbidity is parallel. Therefore, if the unknown and standard 
solutions are treated as near the same time as possible, correct readings 
may be made in 1 or 2 minutes. 

7. It is not necessary to remove cither the glycerin or the slight 
excess of alcohol from the ricinate, since experiment has shown that 
they do not interfere.'^ The excess of sodium hydroxide is added to 
neutralize the acid in which the calcium oxalate is dissolved and which 
would otherwise precipitate fatty acids, thus obscuring the soap cloud. 
Potassium hydroxide does not give good results. 

8. Table XII taken from Lyman ^ gives the results of ten analyses 
of urine by the above method, checked by the method of McCrudden. 

TABLE XII 


New Method 
Calcium 
per 100 cc., 
Mg. 

Method of 
McCrudden 
Calcium 
per 100 cc., 
Mg. 

New Method 
Calcium 
per 100 cc., 
Mg. 

Method of 
McCrudden 
Calcium 
per 100 cc., 

Mg. 

16.5 

16.6 

27.3 

27.2 

26.4 

26.4 

19.0 

19.1 

19.5 

19.9 

34.2 

34.1 

35.0 

34.9 

15.1 

14.9 

11.6 

12.2 

30.1 

29 , 9 


DETERMINATION OF CALCIUM IN FECES » 

This determination is made exactly as directed for the determina- 
tion of calcium in urine except that with feces a little more prepara- 
tion of the substance is required. After thorough mixing, 5 or 6 grams 
of the feces are accurately weighed, mixed with a little concentrated 
sulfuric acid, and burned to a white powder in a small silica dish. Heat 
gently at first, on account of the considerable frothing. Wash the 
residue into a 100 cc. volumetric flask with 50 cc. of 2 N hydrochloric 
acid, make up to the mark, shake thoroughly, and filter. Dilute 50 cc. 
of the filtrate to 100 cc. with distilled water and proceed with this solu- 

’H. Lyman, J. Biol. Chem., 21, 555 (1915), 

8 J. Biol. Chem., 10, 556 (1911-12). 

•H. Lyman, J. Biol. Chem., 21, 555 (1915). 
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lion exactly as in the ease of urine (page 144), except that 2 cc. of 
sodium acetate are used instead of 1 cc. 

Notes. 

1. Without the excess of acetate the precipitate is finely divided 
and difficult to handle. 

2. in case the calcium content is far from normal, the volume up to 
which the ash solution is made can be varied at will. 
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CARBON AND CYANIDE 
DETERMINATION OF CARBON IN STEEL 

When a steel is dissolved in nitric acid a brown-colored solution is 
obtained, the intensity of the color being proportional to the amount 
of carbon present. This coloration is said to be due to some organic 
compound which at first is seen as a precipitate but later dissolves upon 
heating. ^ Only the carbon present as carbide is transformed into the 
brown color. Any carbon present as graphite is not acted upon by the 
acid and, hence, results by the colorimetric method will be low. High 
carbon steels are apt to contain much graphite but this is easily detected 
by the insoluble black residue remaining after the acid treatment. 
The carbon in such steels must be determined by the combustion 
method and it is advisable to check the colorimetric determinations at 
frequent intervals by combustion. In a series of ten or more steels 
every fifth sample should be checked by the combustion method. If 
the two methods agree within 0.01 to 0.03 per cent for 0.4 to l.O per 
cent carbon steels, it may be fairly safely concluded that the colori- 
metric determinations are satisfactory. 

There are many possible sources of error (see Notes below) in the 
colorimetric method for the determination of carbon in steel. The 
successful use of the method is only gained by long experience and 
unless the beginner works under the guidance of an experienced 
operator, or makes frequent checks by the combustion method, his 
results are apt to be highly inaccurate. 

Reagents. 

1. Nitric acid, sp. gr. 1.20, 

2. Standard steels. A series of steels of accurately known carbon 
content must be available. These steels must be the same kind as the 
samples, i.e., Bessemer, acid open hearth, basic open hearth, etc., and 

1 Levy, Analyst, 37, 392 (1912). 
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should have been drilled under the same conditions as those use<l in 
obtaining the sample. The carbon content must be over the range oi 
that in the samples. 

Obtaining the Sample.-Thc sample may be taken from the raw 
cast steel and allowed to cool slowly from the molten state without 
quenching. Or, if the sample is first cooled to a black heat in a 
dark room it may then be quenched. Better still is for the operator 
to anneal the steel so as to avoid the temperature most favorable to 
the fonnation of graphite. The steel may then be tested to sec 
whether or not the annealing is perfect. Drill all samples to a unitonn 
thickness. All drillings that are rusty or blued must be rejected.- 

rhe carbon content of the standard should be within 10 per cent 
of that in the sample, the nearer the bctter-cspccially if the steels are 
unannealed. 

Procedure/'^ -Place 0.100 gram of the sample in a test tube (152 
mm. long and 15 to 16 mm. diameter), add 4 cc. of nitric acid, sp. gr. 
1.20, and set the tube in a hot water-bath litted with a rack especially 
designed for this work. I’he rack should have a false bottom per- 
forated with many small holes and should be arranged so that each 
tube is immersed to a depth of 28 mm. (about the level of the liquid in 
the tube). In no case must the to)) of the liquid in the tube be below 
the level of the boiling water, otherwise iron oxide will deposit on the 
sides of the tube and will later form a brown basic nitrate when dis- 
solved. The latter will cause a variation in the color of the solution. 
Some laboratories have a practice of placing a glass marble on the top 
of each tube to reduce the loss of acid due to evaporation. Solution of 
the carbon is usually complete within 40 minutes. 

To complete the solution in from 4 to 7 minutes, the tubes are 
placed in a sand- or graphite-bath heated to about 190° C. Not more 
than six tubes should be heated at one time on account of possible wide 
variation in the temperature in different parts of such a bath, and the 
tubes should be placed close together. Johnson recommends covering 
the cluster of tubes with a beaker to prevent too rapid loss of acid. 

As soon as all the brown flakes have dissolved, the tubes are 
removed from the bath and cooled at once in running water. Each solu- 

’^Sec Chapter XVTI (The Annealing of Steel) in Johnson’s “Chemical Analysis of 
Special Steels, Steel-Making Alloys and Graphites,” 3d ed., John Wiley & Sons, New 
York, 1920. 

* Cf. Johnson, loc. cii., p. 306. 
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tion is then put in a bent-end comparison tube of 14 cc. capacity and 
graduated to tenths of a cubic centimeter. The bent-end permits thor- 
ough mixing of the solution by a rocking motion of the tube. (See 
Notes for a more detailed description of the tubes.) The comparison 
is made by diluting the solution until its color is just faintly lighter 
than that of the standard, and then deducting 0.01 per cent to allow 
for overstepping the end-point. The dilution must be made very care- 
fully, the water being added 0.1 to 0.2 cc. at a time and the contents 
of the tube thoroughly mixed after each dilution. Suppose a 0.60 
per cent carbon steel has been taken as the standard and its solution 
made up to exactly 6 cc. Then if the sample solution is just faintly 
lighter than the standard when diluted to 6.5 cc., the per cent of car- 
bon is 0.65 less 0.01, i.e., 0.64 per cent. Or, suppose a 0.40 per cent 
carbon steel is taken as a standard and its solution diluted to exactly 
8 cc. Then if the sample solution matches the standard at a dilution 
of 9 cc., its carbon content is 0.90 2, or, 0.45 per cent. 

The solutions may be compared in a color camera, but Johnson 
recommends holding the tubes on white paper in diffused sunlight or 
the light from a 50-candle power frosted electric lamp of filament type. 
The tubes should be held at an angle of 45° to the paper and with their 
ends touching it. If the tubes are turned so that their graduations 
touch each other, a clear field is obtained for the comparison. 

It is a good practice in making the final comparison to lose track of 
which is the standard and which is the sample by interchanging the 
tubes several times, then selecting the lighter (or darker) solution. 
Repeat this procedure until the same conclusion is reached three times 
in succession. 

Johnson^ says “ a man with a good eye for color and plenty of 
practice can be counted on not to introduce an error due to the eye 
of over 0.02 per cent in higher carbons and not over 0.010 per cent in 
lower carbons, around 0.08 and perhaps not over 0.005 per cent in the 
latter range.” * 

Notes. 

1. Johnson recommends using a set of three tubes meeting the 
following specifications: Capacity 14 cc., graduated to 0.1 cc., outside 
diameter 12 mm., length of graduated portion 181 mm., followed by 
45 mm. of ungraduated tube, and then a bent portion of the tube about 

* Ia>c. cit., p. 309. 



deilrmination of hydrogen cyanide 151 

50 nun. long. The tubes should be of carefully selected tubing, free 
from scratches and from fine black lines due to minute air bubbles 
The three tubes should have the same bore and should be uniform 
throughout. Hence, when carefully graduated the markings on the 
three tubes will coincide. The figures and graduation lines should be 
very small so as not to interfere with the field of vision. 

2. All determinations should be run in duplicate and the average 
taken. No advantage is gained by working with a sample larger than 
0.100 gram. 

3. The color of the nitric acid solution of a carbon steel will vary 
with the heat treatment the steel has undergone. This may introduce 
an error of 10 to 20 per cent of the actual carbon content. A perfectly 
annealed steel gives the greatest depth of color for a given percentage 
of carbon, 

4. Unless the drillings of sample and standard are approximately 
uniform in size, an error of as much as 10 per cent may result. Large, 
bulky, thick drillings give low results. 

5. The presence of graphitic carbon causes low results. The error 
may vary from 5 to 90 per cent. Fortunately, the presence of much 
graphitic carbon can easily be detected by a black residue remaining 
after solution of the steel, so that an error of over 5 per cent is not likely 
to be introduced. 

6. Manganese lightens the color of the solution but may be dis- 
regarded if not over I per cent is present. Nickel has a similar effect. 
A high nickel content will give a greenish colored solution difficult to 
match. The presence of over 1 per cent of silica also gives a greenish 
tinge to the solution. Copper, chromium, and cobalt also interfere. 
When the sample is known to contain any one or more of the above 
substances, a standard containing the same amounts of such sub- 
stances should be employed. From the above it follows that the com- 
position of both sample and standard should be accurately known. 

DETERMINATION OF HYDROGEN CYANIDE BY FORMATION OF 
PRUSSIAN BLUE 

This method^ is especially adapted to the estimation of small 
quantities of hydrocyanic acid in cyanogenctic plants. The usual 
presence of reducing agents in plant distillates excludes the various 
titration methods as well as the silver gravimetric methods and the 

^ A. Viehoever and C. 0. Johns, J. Am. Chem. Soc., 37, 601 (1916). 
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picric acid colorimetric method. Moreover, the quantities to he 
determined are often too small to permit the use of volumetric or grav- 
imetric methods. The objection to the thiocyanate colorhnclric 
method is based on the nature of the reaction between a thiocyanate 
and ferric chloride: 

FeCla + 3KCNS Fe(CNS)3 + 3KC1. 

The equilibrium of this reaction is so easily disturbed by the addition 
of acids, ferric chloride, or other salts, that it is difficult to adjust con- 
ditions so as to obtain constant results. The Prussian blue method 
of Viehoever and Johns is satisfactory with less than 0.5 mg. of hydro- 
cyanic acid and will detect less than 0.01 mg. of the acid. 

Reagents. 

1. Nitric acid, 30 per cent. 

2. Sodium hydroxide, 6 N. 

3. Ferrous sulfate, 3 per cent. Freshly prepared. 

4. Potassium fluoride. Solid. 

5. Standard potassium cyanide. Dissolve 0.5000 gram of potas- 
sium cyanide, dilute to a liter and mix thoroughly. One cubic centi- 
meter of this solution contains 0.5 mg. of KCN, equivalent to 0.21 mg. 
of HCN. 

Procedure. — A measured quantity of the sample solution is placed 
in a 200 cc. round-bottom flask and made slightly alkaline with sodium 
hydroxide. The flask is then connected to a condenser (by means of an 
adapter) and vacuum pump, and the liquid concentrated under reduced 
pressure. The heat is supplied by immersing the flask in a water- 
bath at 60° to 70°. Concentrate the liquid to less than 1 cc. and then 
add 0.5 cc. of 3 per cent ferrous sulfate solution and about 0.05 gram 
of potassium fluoride. Exhaust the flask at once by means of a water 
suction pump. Rotate the flask so as to mix its contents. After evac- 
uating for about 10 minutes detach the flask and acidify the mixture by 
adding 30 per cent nitric acid drop by drop. The blue color appears at 
once, except in case only a minute quantity of hydrocyanic acid is 
present. If the color does not appear at once, warm the solution in a 
water-bath to about 50°. Dilute the suspension to a volume that 
gives a color intensity suitable for comparison with a suspension of 
Prussian blue made from a known weight of potassium cyanide. A 
Prussian blue suspension made from 1 mg. of potassium cyanide and 
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diluted to 25 cc. gives a color of convenient intensity. A Duboscq or 
similar type colorimeter is recommended. 


Notes. 


1. The liquid is concentrated under diminished pressure and below 
70° to insure against loss of hydrocyanic acid (b. p. 85°). 

2. The maximum color is obtained only when the volume of the 
solution to be tested is not over 1.5 cc. If more than 1 mg. of potas- 
sium cyanide is present the volume of the test solution may be increased 
a little without loss. 

3. The presence of certain salts in the liquid, especially potassium 
fluoride, has proved to be of great advantage. “ On acidifying in the 
final stage of the test the color appears at once and is very brilliant. 
The absence of a green shade makes it particularly suitable for com- 
parison with a standard. If the acid is added very gradually the iron 
hydroxides dissolve and a colorless liquid with a white precipitate is 
obtained. On the addition of more acid the blue color appears. This 
is explained 6 by the fact that ferric salts produce a complex salt, 
KaFeFe, with potassium fluoride. Wlien an excess of acid is added 
this complex salt is decomposed and the ferric ions needed for the 
formation of Prussian blue are furnished.”^ 

4, It is not necessary to add ferric salt since enough of the ferrous 

salt is oxidized during the course of the procedure to furnish the 
required ferric ions. An excess of ferric salt is to be avoided. Hence, 
the air is removed from the solution by means of a water vacuum 
pump so as to prevent the oxidation of too much of the ferrous hydrox- 
ide to ferric. , . ^ 

5. If the cyanide solution is sufficiently concentrated that eyap- 

oration is unnecessary, the test is made in a test tube, mr bemg kept 
out by means of a stopper and the tube rotated only enough to 
mix the reagents. Let the mixture stand about 10 minutes and then 

*^'^^t!^The quantities of reagents specified in the procedure are suf- 
ficient for 1 to 2 mg. of potassium cyanide. If less than mg. of 
cyanide is present, reduce the quantities of ^ents ‘iccordi g y. 
A large excess of reagents must be avoided m order to obtam the ma 
imum intensity of color. 


•Greef, Ber., 46, 2511 (1913). 
^ Viehoever and Johns, loc. cit. 
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7. “ When the analysis is carried out as described the maxiinuin 
error should not exceed more than 1 part in 20. 1 hus in a plant giviiijr 
20 mg. of potassium cyanide per 100 grams of plant the results might 
vary by 0.001 per cent if 100 grams of material arc used for analysis.’-^ 

DETERMINATION OF CYANIDE BY CONVERSION INTO THIOCYANATE 
AND FORMATION OF FERRIC THIOCYANATE » 

The following method is based upon the red color of ferric thiocy- 
anate. The cyanide is first converted into thiocyanate and the latter 
converted into ferric thiocyanate by the addition of ferric chloride 
.solution. The method was originally developed to estimate the cyan- 
ide content of certain poisonous plants, but is applicable to any sub- 
stance containing 1 per cent of cyanide or less. 

Reagents. 

1. Hydrochloric acid, 6 N. 

2. Sulfuric acid, sp. gr. 1.84. 

3. Potassium hydroxide, 4 per cent. 

4. Ammonium polysulfide, 6 N. Place 200 cc. of 15 N NH4OH 
in a flask immersed in running water or iced water and saturate 
with H2S. Then add 200 cc. of 15 N NH4OH, dilute with water to 
1000 cc., add 25 grams of flowers of sulfur, digest for several hours or 
over night, and filter. 

5. Ferric chloride, 0.5 per cent. 

6. Standard thiocyanate solution. Dissolve 15 grams of pure 
potassium thiocyanate in a liter of water. Standardize gravimetri- 
cally with silver nitrate and dilute so that 1 cc. contains 14.93 mg. 
of KCNS, which is equivalent to 10 mg. of KCN. One hundred cubic 
centunters of this solution are diluted to a liter and thoroughly mixed. 
One cubic centimeter of the diluted solution contains 1 .49 mg. of KCNS, 
which is equivalent to 1 mg. of KCN. 

Procedure.— If the substance is an inorganic liquid, a measured 
volume of it is placed directly in a Nessler tube. If an inorganic solid, 
the substance must be dissolved in a faintly alkaline solution to pre- 
vent loss of hydrocyanic acid and made faintly acid just before adding 
the ferric chloride. In case the sample is an organic solid, a weighed 

* Viehoever and Johns, loc. cit. 

•M. 0. Johnson, J. Am. Chem. Soc., 38, 1230 (1916); a modification of the method of 
C. K. Francis and W. B. Connell, J. Am. Chem. Soc., 35, 1624 (1913). 
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quantity (50 grams if the cyanide content is only a few hundredths of a 
per cent) of the findy ground substance is triturated with 100 cc of 
water and washed into a liter distilling Oask with 100 cc, of water 
Connect the flask to a condenser whose delivery end dips into 50 cc of 
a 4 per cent potassium hydroxide solution. Now carefully add 50 cc 
of concentrated sulfuric acid and connect the flask at once to the con* 
denser. Distill over about 150 cc. of the liquid, taking care that the 
delivery tube always dips under the potassium hydroxide solution so 
as to prevent loss of hydrocyanic acid. Transfer the caustic potash 
solution of the distillate to a 250 cc. volumetric flask, dilute to the mark 
mix thoroughly, place 50 cc. of the solution (containing 0.1 to 8 mg' 
KCN) in a small porcelain casserole, and add to it 1 cc. of yellow ammo- 
nium sulfide (or 5 cc. of a 4 per cent solution of potassium sulfide). 
Evaporate to dryness on a water-bath, take up the residue with 10 cc. 
of acetone and rub with a small glass or porcelain pestle to effect 
better extraction. Decant the acetone into a small evaporating dish 
and repeat the extraction twice. Combine the acetone extracts and 
evaporate to dryness on the water-bath. Remove the dish and allow 
it to cool to room temperature. Take up the residue in water, dilute 
to 50 cc. in a Nessler tube, add 2 cc. of 0.5 per cent ferric chloride solu- 
tion, and gently mix. Match the color at once against a standard 
ferric thiocyanate solution prepared at the same time the thiocyanate 
is added to the sample solution. Any of the usual methods of com- 
parison may be employed, but the methods of balancing and duplica- 
tion are best. 


For the balancing method, add 2 cc. of ferric chloride solution to 
25 cc. of the standard thiocyanate solution (containing 1.49 mg. 
KCNS per cubic centimeter), dilute to 250 cc. and mix. One cubic 
centimeter contains 0.149 mg. of KCNS and is equivalent to 0.1 mg. of 
KCN. 

To match by the method of duplication, add the standard thio- 
sulfate solution (containing 1,49 mg. of KCNS per culfic centimeter) 
drop by drop, with gentle stirring, to a blank of 40 cc. of water contain- 
ing 2 cc. of ferric chloride solution, finally diluting to the 50 cc. mark 
with water when the color of the sample and standard is the same. 


Notes. 

1. A permanent series of standards cannot be obtained on account 
of the fairly rapid fading of ferric thiocyanate due to the reduction of 
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the iron to the ferrous state by other substances than nonnal thio- 
cyanic acid. Chief among these substances is isodithiocyanic acid, 
which is always formed when thiocyanates are acidified. Hydro- 
cyanic acid and hydrogen sulfide are decomposition products of thio- 
cyanic acid and it is possible that they too take part in the reduction 
of the ferric salt. The color fading is also probably aided by the 
action of light and, hence, the thiocyanate solutions should be pro- 
tected from direct sunlight. See the thiocyanate method (Stokes and 
Cain) for the colorimetric determination of iron, page 218. 

The ferric chloride should be added to sample and standard at the 
same time and comparison made as soon as possible thereafter. 

2. Fluorides, phosphates, arsenates, iodates, oxalates, tartrates, 
and citrates interfere markedly with the analysis, and acetates and 
sulfates to a lesser degree.’^ Chlorides, bromides, and iodides do 
not interfere. ^ ^ 

3. If the distillate is colored by organic matter and also the acetone 
extract, the following procedure should be used: 

After evaporating the combined acetone extracts to dryness, take 
up the residue in 15 cc. of water and pour into a small separatory fun- 
nel. Wash the dish with two 5 cc. portions of water, pouring the wash 
water into the funnel. Add to the funnel 25 cc. of ethyl acetate 
which has previously been extracted several times with water to 
remove any soluble impurities. Shake well and allow to settle. The 
yellow color will be taken up by the ethyl acetate. Drain off the clear 
water solution into an evaporating dish and evaporate to dryness. 
Take up in water, make up to 50 cc. in a Nessler tube and compare 
with standard as usual. 

’’’H, N. .Stokes and J. R. Cain, J. Am. Clicm, Soc., 29, 409 (1907). 

" C. K. Francis and W. B. Connell, J. Am. Chem. Soc., 35, 1627 (191.3), 
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CHLORINE, CHLORATE, AND PERCHLORATE 
DETERMINATION OF FREE CHLORINE BY ORTHO-TOLIDINE 

This method depends upon the yellow to orange color produced 
by the action of small amounts of free chlorine on acid solutions of 
ortho-tolidine. It is especially adapted to water analysis but may be 
used for the estimation of free chlorine in other solutions. 

Reagents. 

1. Ortho-tolidine. Dissolve 1 gram of o-tolidine in a liter of dilute 
hydrochloric acid (100 cc. cone, acid diluted to 1000 cc.). The o-toli- 
dine should melt at 129° C. It may be obtained from the Eastman 
Kodak Co., Rochester, N. Y., or may be prepared by extracting the 
technical product with water in a Soxhlet apparatus. 

2. Copper sulfate. 1.5 grams copper sulfate, CuS 04 - 5 H 20 , and 
1 cc. of sulfuric acid, sp. gr. 1.84, are dissolved in distilled water and 
made up to 100 cc. 

3. Potassium bichromate. (A) 0.025 gram of potassium bichro- 
mate and 0.1 cc. of sulfuric acid, sp. gr. 1.84, arc dissolved in distilled 
water and made up to 100 cc. 

(B) 0.25 gram of potassium bichromate and 1 cc. of sulfuric acid, 
sp. gr. 1.84, are dissolved in distilled water and made up to 100 cc. 

4. Preparation of permanent standards. See Tabic XIII. 

Procedure. — Place 100 cc. of the sample in a Nessler cylinder, add 

1 cc. of ( 7 -tolidine reagent, mix, let stand for 5 minutes, and then match 
the color against a scries of copper-bichromate standards. If the 
chlorine content is greater than 3 parts per million, use more of the 
o-tolidine reagent. 

Notes. 

1. The o-tolidine method is delicate enough to detect 0.005 part 
of free chlorine per million parts of water. 
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TABLE XHI 

Chlorine, parts 

CuSO^, ce. 

K2Cr207, cc. 

per million 

(Solution A) 

0.01 


0.8 

0.02 


2. 1 

0.05 


5.2 

0.04 


4.5 

0.05 

0.4 

5.5 

0.06 

0.8 

6.6 

0.07 

1.2 

7.5 

0.08 

1.5 

8.7 

0.09 

17 

9.0 

0.10 

1.8 

10.0 



(Solution H) 

0. 10 

1.8 

1.0 

0.20 

1.9 

2.0 

0.50 

1.9 

5.0 

0.40 

2.0 

5.8 

0.50 

2.0 

4.5 

0.60 

2.0 

5.1 

0.70 

2.0 

5.8 

0.80 

2.0 

6.5 

0.90 

2.0 

6.7 

1 . 00 

2.0 

7.2 

2.00 

2.0 

12.0 

5.00 

2.0 

21 .0 

4.00 

2.0 

50.0 

5.00 

2.0 

39.0 

6.00 

2.0 

46.0 

7.00 

2.0 

56.0 

8.00 

2.0 

65.0 

9.00 

2.0 

70.0 

10.00 

2.0 

75.0 


2. The 0 -tolidine is dissolved in a dilute hydrochloric acid solution 
in order to insure a definite color change. An acetic acid solution of 
o-tolidine does not give reliable results probably due to the effect of 
varying degrees of alkalinity in different waters. 

3. The color obtained by the action of free chlorine on o-tolidine is 
probably due to the oxidation of the latter. The following oxidizing 
re4!||ents have been shown by L. P. Kinnicutt’ to produce color reac- 
tions with o-tolidine: ozone, nascent oxygen, sodium nitrite, ammo- 

^ Cf. J. W. Ellms and S. J. Hauser, J. Ind. Eng. Chem., 6, 554 (1914). 
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nium persulfate, ferric chloride, ferric alum, iwUssimu perman- 
ganate, potassium bichromate, sodium peroxide, lead peroxide, hydro- 
gen peroxidc, bromine, iodine, and nitric acid. With the exception of 
ferric salts and nitrite, there is only slight probability of natural 
waters (or even sewage) containing any of the oxidizing agents men- 
tioned. 

One part of iron per million parts of water will produce a color with 
the «-tolidine reagent corresponding to 0,01 part of chlorine per mil- 
lion. This amount of iron is not usually found in .surface waters, but 
may be present in ground waters, 

0.09 part of nitrogen (as nitrite) per million parts of water produces 
a color with the t^-tolidine reagent corresponding to 0.01 part of chlo- 
rine. Such a high nitrite content is not likely to be found in surface 
waters, unless they are badly polluted. Sewage and especially sewage 
effluents may contain nitrites in amounts sufficient to interfere with 
the accuracy of the analysis. 


Rl-l'l-RIbXCKS 


1. J. W. Ellms und S. J. Ilauscr, J. Ind. Kng. (dicm,, 5, 915, 1030 (1913), 

2. W. TI. Dittoe and L. 11. Van Huskirk, Ohio Slate Board of Health, Bull. 3, No. 1 

(January, 1913). 


DETERMINATION OF CHLORIDES IN BLOOD 

This method is based upon a difference in solubilities of silver 
chloride and red silver chromate, the former being only about one- 
thirtieth as soluble as the latter. From this it follows that silver 
chromate will dissolve in a solution of chlorides, the silver reprecipi- 
tating as silver chloride and an equivalent amount of chromate going 
into solution. The reaction is represented by the following equation: 

2NaCl + Ag 2 Cr ()4 -> 2AgCl + Na 2 Cr 04 . 

By matching the yellow color of the solution against a standard 
chromate solution the amount of chromate in the sample is deter- 
mined and from this the amount of chloride present may be emu- 
lated. 

The analysis is made with a protcin-frec blood filtrate, using tung- 
stic acid as a protein precipitant. 
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Reagents. 

1. Sulfuric acid, f N. 

2. Ammonium hydroxide, 2 per cent. 

3. Sodium tungstate, Na2W04 -21120, 2 per cent. 

4. Potassium oxalate. 

5. Silver chromate, (Red modification.) Two hundred cubic 
centimeters of a 5.5 per cent solution of potassium chromate are added 
slowly to 100 cc. of a boiling solution of 10 per cent silver nitrate. A 
precipitate of silver chromate settles out rapidly. Add the chromate 
solution drop by drop until a slight excess has been added as indicated 
by the pale yellow solution produced. Cool, filter through a Buchner 
funnel, wash thoroughly and allow to air-dry. 

6. Magnesium carbonate. 

7. Standard potassium chromate solution. Make a solution of 
pure potassium chromate containing 0.4 gram of the salt per liter. 
Standardize against a 0.02 N solution of sodium chloride. 

Procedure.— “ Transfer a measured amount of blood into a flask 
having a capacity of fifteen to twenty times that of the volume taken. 
Dilute the blood with 7 volumes of water and mix. With an appro- 
priate pipette add 1 volume of 10 per cent solution of sodium tungstate 
(Na2W04 • 2H2O) and mix. With another suitable pipette add to the 
contents in the flask (with shaking) 1 volume of 2/3 normal sulfuric 
acid. Close the mouth of the flask with a rubber stopper and give a 
few vigorous shakes. If the conditions are right hardly a single air 
bubble will form as a result of the shaking. Much oxalate or citrate 
interferes with the coagulation and later with the uric acid determina- 
tion. Twenty milligrams of potassium oxalate is ample for 10 cc. of 
blood. Citrate, except in the minimum amount, is to be avoided. 
When a blood is properly coagulated, the color of the coagulum grad- 
ually changes from pink to dark brown. If this change docs not 
occur, the coa^lation is incomplete, due, in every case we have encoun- 
tered, to too much oxalate or citrate. In such an emergency the 
sample may be saved by adding 2 normal sulfuric acid drop by drop, 
shaking vigorously after each addition and allowing the mixture to 
stand for a few minutes before adding more, until the coagulation is 
complete. Pour the mixture on a filter large enough to hold the entire 
contents of the flask and cover with a watch-glass. If the filtration is 
begun by pouring the first few cubic centimeters of the mixture down 
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the double portion of the filter paper and withholding the remainder 
till the whole filter has been wet, the filtrates are almost invariably as 
clear as water from the first drop. Tf a filtrate is not perfectly clear, 
the first 2 or 3 cc. may have to be returned to the funnel”'^ 

10 cc. of the Folin and Wu filtrate are pipetted into a small 
conical centrifuge tube (which has been previously cleaned with warm 
chromic acid solution). A pinch of magnesium carbonate is added to 
insure neutrality of the liquid. The contents of the tube are stirred 
with a thin glass rod. A small quantity (about 0.05 g.) of silver 
chromate is introduced and thoroughly stirred into the solution. If 
all the red particles disappear more chromate must be added. After 
washing off the stirring rod into the tube, the tube is centrifuged for 
2 minutes. (See Note 7.) The contents are then decanted through a 
small filter, into a 25 cc. volumetric flask, great care being taken not 
to disturb the residue at the bottom of the tube. After the addition of 
10 cc. of water to the tube, the centrifuging is repeated for 5 minutes. 
(See Note 7.) The contents of the tube arc then filtered into the volu- 
metric flask. The solution has a slight turbidity which is cleared up 
by the addition of 1 cc, of a 2 per cent ammonium hydroxide solution. 
Enough water is added to bring the solution to the mark. After mixing, 
comparison is made with a standard potassium chromate solution con- 
taining 0.4 gram of the salt per liter.” ^ 

Notes. 

1. Michaelis^ suggests that the colors be matched through a blue 
glass on account of the difficulty in comparing yellows. 

2. “ Silver phosphate is slightly le.ss soluble than silver chromate 
and it would be expected that silver chromate would dissolve in a solu- 
tion containing phosphate. This does take place, but in very dilute 
solutions such as the blood filtrate the color develops very slowly. 
Furthermore, the phosphates of the blood are probably acid phos- 
phates which do not react with the chromate. This Was shown by 
adding 0.0010 gram of monosodium hydrogen phosphate to 5 cc. of 
blood filtrate, an amount which would correspond to an extreme case of 
phosphate retention. As a check, 5 cc. of the same filtrate were taken 
and both filtrates were treated with magnesium carbonate and silver 

2 0. Folin and H. Wu, J. Biol. Chem., 38, 84 (1919), 

*M. L. Isaacs, J. Biol. Chem., 63, 17 (1922). 

* Deutsch. med. Woch., 47, 465 (1921). 
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rhromate No dilTercncc of color could be observed. Other silver 
Jalts which are less soluble than the chromate are either absent or 

nrcsent in negligible quantities in the hltrate. - ^ 

^ t The “ suhable pipette " referred to in the procedure is si,„|,|y 
nioettc with a long tip and graduated into t cc. portions from the tip. 
Tt has a capacity of 15 cc. The advantage of such a pipette is that 
„racticdly the whole .sample of blood may be used, since 7, o, 12 , 

etc cc. may be taken just as easily as 5 or 10 cc. 

4 The concentration of the sodium tungstate and sulfuric acid 
/ h. correct The whole of the tungstic acid is liberated by the 
siuric add and there should be about a 10 per cent e.xc«s of the 
latter to neutralize the carbonate usually present m commercial sodiun, 
tungstate. A greater e.vcess of sulfuric add is to be avoided, othendse 
much of the uric acid will be lost, 'file blood hltrate should be neutral 
or just faintly acid to Congo red paper. 

5. If the blood nitrate is to be kept longer than 2 or 3 days, 1 or 2 
drops of toluene or xylene should be added to the filtrate from each 
10 cc, of blood. Xylene seems to be as good a preservative as toluene. 

6 . The tungstic acid method for the precipitation of blood proteins 
works equally well with any kind of blood tried by Folin and Wu^— 
human, beef, sheep, chicken, dog, and rabbit. 

7. Much time and effort may be saved by filtering ojj the excess silver 
chromate instead of centrifuging.’^ A good quality filter paper, suitable 
for retaining finely divided precipitates, must be used. In order to 
avoid using too much wash-water, the diameter of the filter paper 
should be about 4 cm. 

8 . Dupray^ has published a modification of Isaacs’ which has the 
advantage of a more easily-read color. In this modified method, also, 
it would be a distinct advantage to filter as directed in the preceding 
note. For another modification along similar lines, see Yoshiniatsu, 
Tohoku J. Exptl. Med. 7, 553 (1926). (The original article is in 
English.) • 


DETERMINATION OF CHLORATES BY ANILINE CHLORIDE 

This method is based upon the blue coloration produced by adding 
a solution of aniline chloride in hydrochloric acid to a solution con- 

® Isaacs, he. cit. 

* Loc. cit. 

^ Private communication from Dr. M, L. Isaacs. 

« J. Biol. Chem., 58, 675 (1923-24). 
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taining chlorate. Certain other oxidizing agents must be absent. 
(See Note 2.) 

Reagents. 

1. Solution A. Prepare a colorless solution of 50 grams of pure 
aniline chloride in one liter of hydrochloric acid of such strength that 
the resulting solution has a sp. gr. of 1.20. 

2. Solution B. Same as Solution A, except that the hydrochloric 
acid strength is adjusted so that the resulting aniline chloride solu- 
tion has a sp. gr. of 1.145. 

3. Standard potassium chlorate solution. Prepare a solution con^ 
taining 1 mg. of CIO 3 per cubic centimeter, using sodium or potassium 
chlorate. 

Procedure.—Use a 5 cc. portion of the sample, diluting or con- 
centrating if necessary. If the sample solution contains between 0.5 
and 7 mg. of chlorate per 5 cc., add 20 cc. of solution A; if it contains 
between 0.1 and 2 mg. in the 5 cc., add 20 cc. of solution B. A violet 
color develops immediately but changes in a few minutes to blue. 
Allow the solution to stand 25 minutes in case solution A was used 
and 15 minutes if solution B was used. Then compare against a series 
of standards prepared along with the sample. 

Notes. 

1. The aniline chloride reagent^ will detect as little as 0.007 mg. 
of KCIO3. 

2. Chlorine, hypobromites, hydrogen peroxide, manganese dioxide, 
chromates, etc., also produce a violet to blue color with the aniline 
chloride reagent and, hence, must be absent Strong reducing agents, 
as well as any substance that produces a color reaction, also interfere. 
Carbon, sulfur, phosphates, perchlorates, ferric chloride, nitrates, and 
small amounts of nitrites do not interfere with the test. • 

DETERMINATION OF PERCHLORATES BY NITROSODIMETHYLANILINE 

This method depends upon the violet color obtained by the reac- 
tion between perchlorates and nitrosodimethylaniline and is espe- 
cially adapted to the estimation of perchlorates in Chile saltpeter. 

* J. F. Virgin, Ann. chim. anal, appl., 14, 85 (1909). 

*®A. Monnier, Arch. sci. phys. nat., 42, 210 (1916). 
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Reagents. 

1. Nitrosodimethylaniline solution. Dissolve 1 gram of nitroso- 
dimethylaniline in alcohol and dilute to a liter. 

2. Standard perchlorate solution. Dissolve 0.1393 gram of potas- 
sium perchlorate in water and dilute to a liter. Mix thoroughly and 
dilute 10 cc. of the solution to 100 cc. One cubic centimeter of the 
diluted solution contains 0.01 mg. of CIO 4 . 

Procedure. — Dissolve the sample (usually 1 gram is satisfactory) 
in 25 cc. of water, add 2 cc. of the nitrosodimethylaniline solution, mix, 
and allow to stand several hours in a Ncssler tube. At the same time 
have ready a series of Nessler tubes containing measured quantities 
of the standard perchlorate solution diluted to 25 cc., add 2 cc. of the 
nitrosodimethylaniline solution to each tube, and mix thoroughly. 
After sample and standards have stood several hours, the color com- 
parison is made. 

Notes. 

1. The nitrosodimethylaniline solution is added to the sample and 
series of standards at the same time, and allowed to stand several hours 
so as to develop the full intensity of color. 

2. Interfering iodides may be removed with Ag20; iodates and 
periodates have no effect upon the reagent. 



CHAPTER XIV 


CHROMIUM 


DETERMINATION OF CHROMIUM BY DISODIUM 1, 
8-DIHYDROXYNAPHTHALENE-3, 6-DISULFONATE 

The method depends upon the pink to cherry-red color produced 
by the addition of Konig’s reagent (see below) to a solution containing 
chromium in the presence of sulfuric and phosphoric acids. It is well 
adapted for the determination of chromium in steels. As little as 
0.0008 mg. of chromium can be detected. 


Reagents. 


1. Sulfuric acid, sp. gr. 1.84. 

2. Dilute sulfuric acid, 6 N. 

3. Nitric acid, sp. gr. 1.42. 

4. Phosphoric acid, 85 per cent. 

5. Sodium hydroxide, 10 per cent. 

6. Sodium peroxide. 

7. Disodium 1, 8-diliydroxynaphthalenc-3, 6-disulfonate (Kbnig’s 


reagent). Use a 1 per cent solution. 

8. Standard chromium solution. This solution is prepared by 
treating a weighed portion of a steel of known chromium content in the 
same way as that given in the Procedure for the sample under investi- 
gation. A Cr-free steel may be used with a known quantity of chro- 
mium added. 

Procedure.-For steels having a chromium content between 0.01 
and 0.1 per cent, take a 0.4 gram sample, and for 0.1 to 0.2 per cent 
chromium, take 0.2 gram. Dissolve the sample in 10 cc. of sulfonc 
acid, add 0.5 cc. of cone, nitric acid and heat till dense fumes are given 
off. Cool the solution, dilute with a few cubic centimeters of water 
add SO cc. of 10 per cent sodium hydroxide solution and 1 gram of 
sodium peroxide. Boil for 5 minutes or until the excess of peroxide is 
destroyed, cool to room temperature, transfer to a 200 “ jolumetnc 
flask, dilute to the mark and thoroughly mix. Filter off 100 cc. of the 
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solution, add 2 cc. of 85 per cent phosphoric acid, 8 cc. of concentrated 
sulfuric acid, 2 cc. of a 1 per cent solution of disodium 1, 8-dihydroxy- 
naphthalene-3, 6-disulfonate, and mix thoroughly. After standing 
15 minutes, compare with a standard prepared in the same way. The 
dilution method must be used, (See Note 2.) 

Notes. 

1. Vanadium produces a brown color, when present in consider- 
able quantities, and will be likely to obscure the result. If the vana- 
dium and chromium contents are about the same, a correction may be 
made by introducing a similar amount of vanadium in the standard. 
When the ratio of vanadium to chromium is small the error may be 
disregarded, except where extreme accuracy is desired. In the latter 
case, add the same amount of vanadium to the standard as there is in 
the sample. 

2. On account of the peculiar character of the color developed, and 
the danger of interference, the comparison must be made by the method 
of dilution. 


RKFK.RKNCES 

1. F. Garratt, J. Ind. Kng. Chem., 5, 298 (1913). 

2. P. N. Van Eck, Chem. Weekbiad, 12, 6 (1915). 

3. A. I. Applebaum, Chem. Analyst, 27, 7 (1918). 

DETERMINATION OF CHROMIUM BY THE DIPHENYLSEMI- 
CARBAZIDE REACTION 

The observation of Cazeneuve ^ that diphenylsemicarbazide and 
chromic acid give a purple-colored solution has been applied to the 
colorimetric estimation of chromium. The chromium is first con- 
verted into chromate by oxidation with sodium peroxide and finally 
neutralized with acetic acid. 

Reagents. 

1. Sulfuric acid, 6 N. Pour one volume of 95 per cent H2SO4 
into 5 volumes of water. 

2. Nitric acid, sp. gr. 1.42. 

3. Sodium hydroxide, 2.5 N, Dissolve 100 grams of NaOH in 
water and dilute to a liter. 

» Analyst, 26, 331 (1900). 
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4. Sodium peroxide. 

5. Diphenylsemicarbazide reagent. Dissolve 1 gram of diphcnyl- 
semicarbazide in 10 cc. of acetic acid and dilute to a liter with water. 

6. Standard chromate solution. Dissolve 0.2555 gram of pure 
potassium chromate, K.CrO^i, in water, dilute to a liter and mix thor- 
oughly. One cubic centimeter of this solution contains 0.1 mg of 
CraOa. 

Procedure. Use a sample of 0.4 gram for chromium content 
between 0.01 and 0.1 per cent and 9.2 gram for chromium content 
between 0.1 and 0.2 per cent. Dissolve the sample in 10 cc. of sul- 
furic acid and when solution is complete add 0.5 cc. of nitric acid (sp. 
gr. 1.42) and heat until dense fumes are evolved. Cool, dilute with a 
little water, add 50 cc. of 2.5 N sodium hydroxide solution and 1 gram 
of sodium peroxide, and boil 5 minutes or until the excess of peroxide is 
destroyed. Cool to room temperature, transfer to a 200 cc. volumetric 
flask, dilute to the mark, mix, and fdter off 100 cc. To this aliquot 
part add 5 cc. of the diphenylsemicarbazide reagent, 10 cc. of sul- 
phuric acid, mix, and compare the color with that of a standard. 

Note. — Small amounts of 0.01 N K 2 Cr 207 solution added to solu- 
tions containing 4 grams of dissolved electrolytic iron gave colors which 
compared with that obtained with similar solutions containing no iron. 
The chromium content varied from 0.004 to 0.0017 per cent and the 
results obtained were accurate to about 0.0001 per cent.'^ 

DETERMINATION OF CHROMIUM AS CHROMATE 

(Oxidation by (NH4)2S208 and AgNOa) 

This method depends upon the oxidation of a small amount of 
chromium to chromate by persulfate and silver nitrate and comparing 
the yellow color thus produced with a standard chromate solution. It 
is especially recommended for the estimation of chromium in rocks and 
ores but may also be adapted to the analysis of steels. 

Reagents. 

1. Sulfuric acid, 6 N. 

2. Nitric acid, 6 N. 

3. Ammonium hydroxide, 6 N. 

4. Sodium carbonate, 6 N. 

* B. S. Evans, Analyst, 46, 285 (1921). 
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5. Sodium thiosulfate. Use a concentrated solution. 

6. Silver nitrate, 1 N. 

7. Sodium or ammonium persulfate. 

8. Sodium phosphate, Na2HP04, 1 N. 

9. Ethyl alcohol or methyl alcohol. 

10. Standard chromate solution. Dissolve 0.2555 gram of potas- 
sium chromate, K 2 Cr 04 , in water, dilute to a liter and mix thoroughly. 
One cubic centimeter of this solution contains 0.1 mg. of Cr 203 . If a 
more dilute standard is required, dilute 50 cc. of the latter to 250 cc. 
and mix. This solution contains 0.02 mg. of Cr 203 per cubic centi- 
meter. 

Procedure. — Dissolve the sample (Cr content not less than 2 mg.) 
in dilute sulfuric acid and nearly neutralize the excess acid with sodium 
carbonate solution. Precipitate the chromium and manganese by the 
addition of a concentrated solution of sodium thiosulfate. Filter and 
dissolve the precipitate in nitric acid. Add 3 cc. of silver nitrate solu- 
tion and a few crystals of sodium or ammonium persulfate. Warm the 
solution until the maximum depth of color is obtained. If manganese 
is present, it will appear at this stage as permanganate and will mask 
the yellow color of the chromate. The permanganate may be de- 
stroyed by heating the solution with methyl or ethyl alcohol,'^ or by 
heating with ammonia.'* In case iron is present, it is removed by 
adding sodium phosphate. The precipitate is filtered of! and the fil- 
trate matched in color against that of a standard chromate solution. 
Any of the usual methods may be employed for the comparison. 

Notes. 

1. A sample containing at least 2 mg. of chromium must be used, 
since experiment has shown that the error is too great in the oxidation 
of a smaller amount. The solution may later be diluted and an aliquot 
part used for the color comparison. 

2. Other metals may be precipitated by the sodium carbonate along 
with the chromium and manganese but they do not interfere with the 
analysis. 

3. The silver nitrate acts as a catalyzer in the oxidation of the 
chromium and manganese by persulfate. 

® W. F. Hillebrand, U. S, Geol. Surv., Bull. 700, p. 182 (1919). 

* M. Dittrich, Z. anorg. Chem., 80, 171 (1913). 
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4. The permanganate and silver are precipitated as hydroxides 
by ammonia but the chromate is unchanged, 

5. If manganese is absent, the treatment with alcohol or ammonia 
is omitted. 


DETERMINATION OF CHROMIUM AS DICHROMATE 

(Oxidation by KMn 04 ) 

This method'* is based upon the oxidation of chromium to chro- 
mate by permanganate and comparison of the resulting yellow chro- 
mate solution with that of a standard solution. It is especially 
adapted to the estimation of chromium in steels. 


Reagents. 


1. Acetic acid, 6 N. 

2. Sulfuric acid, 6 N and 9N. 

3. Nitric acid, sp. gr. 1.42. 

4. Sodium hydroxide, 5 N. 

5. Diammonium hydrogen phosphate, (NIl4)2HP04.^ 

6. Potassium permanganate. Use a saturated solution. 

7. Manganese sulfate, MnS 04 , 5 per cent. 

8. Standard dichromate solution. Use a 0.01 N potassium dichro- 


matc, K2Cr207, solution. ^ 

Procedure.— Dissolve about 4 grams of the metal in 50 cc. of 6JN 
H 2 SO 4 , add 1 cc. HN0,3 (sp. gr. 1.42) to o.’ddizc the iron, and boil until 
all the HNO 3 has been removed. Add 25 grams of (NH 4 ) 2 HP 04 
and dilute with 2.S0 cc. of water. Tf a precipitate forms, add more 
HNO 3 . Heat the solution to boiling and add drop by drop a saturated 
solution of KMn04 until a permanent precipitate or red color is 
obtained, then add 12 drops more and boil 15 minutes. Meanwhile 
place 120 cc. of 5 N NaOH in a beaker, add to it 14 drops of saturated 
KMn04 solution and boil on a hot-plate several nunute^s, ac c mg rop 
by drop more KMn04 if necessary to give a purple r^olor. After the 
solution of the steel has boiled 15 minutes, the sodium hyrko«de 
solution is removed from the hot-plate, 10 cc. o , per ten ^ 

solution is added to destroy the permanganate, 
of the steel poured into the alkali with stirring. Ihe soluUon 


® B. S. Evans, Analyst, 46, 38 (1921). 
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transferred to a 500 cc. volumetric flask. Be certain that it is alkaline. 
Now add 10 cc. of acetic acid and test to be sure that the solution 
is now acid. Finally, dilute to the mark, thoroughly mix, and filter 
through a dry filter. Place 100 cc. of the filtered solution in a Nessler 
cylinder. Into another cylinder place 80 cc. of water, 20 cc. of 9 N 
H2SO4, and add 0.01 N K 2 Cr 207 drop by drop, with mixing, until 
the color matches that of the 100 cc. aliquot part of the sample. 

Notes. 

1. In case cobalt or nickel is present, pour 100 cc. of solution into a 
flask, heat to boiling, add NaOII to precipitate Co(OH )2 anS Ni(OH) 2 , 
cool, filter, allowing the filtrate to run into a Nessler cylinder, and 
match the color as described above. 

2. When the chromium content is very small, an excesss of about 
0.25 cc. of 0.01 N K 2 Cr 207 will be used. 'Fhc exact amount should be 
determined by a “ blank ” test. 



CHAFFER XV 


COBALT 

DETERMINATION OF COBALT BY EXTRACTION WITH AMYL ALCOHOL 

This method is based upon the fact that amyl alcohol or ether takes 
up cobalt forming a blue solution and leaves nickel in the water layer. 

Reagents. 

1. Ammonium thiocyanate, 30 per cent solution. 

2 . Sodium pyrophosphate. Solid, 

3 . Amyl alcohol. 

4. Standard cobalt solution. Dissolve 0.4926 gram of cobalt 
nitrate, Co(N 03 ) 2 - 6 H 20 , in water, dilute to a liter and thoroughly 
mix. One cubic centimeter of the solution contains 0.1 mg. of cobalt. 

Procedure.—The amount taken for analysis should not contain 
over 0.5 mg., or if desirable a larger sample may be taken and an ali- 
quot part used. The sample is dissolved in 30 per cent ammonium 
thiocyanate, if possible, otherwise dissolve in the least possible amount 
of acid and then add ammonium thiocyanate until the concentration 
of the latter is at least 25 per cent, adding some of the solid salt if 
necessary. If the sample is a liquid, add solid ammonium thiocy- 
anate sufficient to give a 30 per cent solution. Next add about 0.5 
gram of sodium pyrophosphate, transfer the solution to a separatory 
funnel, add 25 cc. of amyl alcohol, extract as much as possible by thor- 
ough soaking, separate the blue layer of amyl alcohol cobalt solution 
and put it in a 50 cc. Nessler cylinder. Make a second extraction 
with 25 cc. of amyl alcohol and add the extract to the Nessler cylinder. 
Usually two extractions are sufficient to remove practically all of the 
cobalt. Compare the amyl alcohol extract against a standard pre 
jiared by extracting a known quantity of cobalt in amyl alcohol in the 
same way as was done in the case of the sample. 
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Notes. 

1. For complete extraction of the cobalt the minimum concen- 
tration of ammonium thiocyanate is 25 per cent. ‘ 

2. The addition of sodium pyrophosphate entirely prevents the iron 
from reacting witli the ammonium thiocyanate and, hence, the cobalt 
can be extracted directly without adding sodium carbonate to precip- 
itate the iron. The sodium pyrophosphate also insures a very uni- 
form color, which is not obtained when sodium carbonate is used due 
to the presence of a fine suspension of hydrous ferric oxide sufficient 
to give a greenish tinge to the solution and, hence, making it difficult 
to match. ^ 

3. If the manganese content is high, it may form so much precipi- 
tate with the pyrophosphate as to miikc extraction impossible. 

4. If iron and manganese are present, the same amounts of them 
should be added to the standard cobalt solution (before extraction) as 
contained in the sample. 

5. The amyl alcohol extract cannot be filtered through paper 
before matching, owing to absorption of the colored salt by the paper. 

RKFERENCK 

J. W. Mellor, Trans. Ceram. Soc. England, 8, 132; rf. ibid., S, 125. 

DETERMINATION OF COBALT AS THE CHLORIDE IN CONCENTRATED 
HYDROCHLORIC ACID 

This method is based upon the blue color obtained when cobalt 
chloride is dissolved in concentrated hydrochloric acid. The pro- 
cedure and precautions arc the same as those for the determination 
of nickel as the chloride in concentrated hydrochloric acid. If nickel is 
absent, the comparison may be made by the method of dilution, dilut- 
ing with concentrated hydrochloric acid. Should nickel be present, 
standard nickel solution is added to the cobalt standard until the tint 
of the solution is the same as that of the sample, after which dilution 
is made in the usual way. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. The acid must be free of copper, 
cobalt, nickel, and iron. 

^ A. D. Powell, J, Soc. Chem. Ind., 36, 273 (1917). 

* Powell, loc, cit.] cf. G. Romijn, Pharm. Weekblad., 48, 996. 



determination of COIiALT MY a -NITROSO-^-NAFllTllUL 173 


2. Nitric acid, sp. gr. 1.42. 

3 Standard cobalt solution. Dissolve 4.9261 grams of Cu-, Ni-, 
and Fe-free cobalt nitrate, Co(N0;i)2-6H20, in concentrated hydro- 
chloric acid, repeatedly evaporate with concentrated hydrochloric 
acid as directed in the preparation of the standard nickel solution 
(page 304) , and finally make up to 500 cc. with concentrated hydro- 
chloric acid. This solution contains 2 mg. of cobalt per cc. 

Procedure —Same as for nickel, page 304. 


Notes. 

1. Materials containing between 0.1 and 10 per cent of cobalt may 
be handled with a maximum error of ±S per cent. 

2. For additional notes, see those for nickel, pages 304 and 305. 

determination of cobalt by « NITROSO NAPHTHOL 

a-Nitroso-^-naphthol added to a solution containing cobalt gives a 
red color the intensity of which is proportional to the ;imount of the 
metal present. 4'he following procedure'^ is especially adapted to the 
analysis of materials such as varnish and zinc oxide paints. 


Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Flydrochloric acid, 6 N. 

3. Ammonium hydroxide, 6 N. , . . . , 

4. Ammonium citrate reagent. Dissolve 500 grams of citric acid 
in 250 cc. of water and add 500 cc. of ammonium hydro.xide (i.p. gr. 
0.88) . This solution contains an excess of ammonia. ^ 

5. a-Nitroso-^-naphthol.^ Boil 0.1 gram of a-nitrosMmaphthol 
with 20 cc. of water and 1 cc. of dilute sodium hydroxide solution, filter, 

and dilute to 200 cc. ‘ r i , u 

6 . Standard cobalt solution. Dissolve 0.4926 gram « ^ * 
nitrate, Co(NO,) 2 - 6 H 20 , in water ami dilute to a liter. 
oughly. One cubic centimeter contains 0 1 mg of 

baLcing method, ,50 cc. of the standard solution are treated with 

double the quantities of reagents specified for t e sai i 

. E. G. Jones, Ann.ysl, 43. ,t17 (.'US); ./• t. W. Alack, J. See. Chens. Ind., 34. 641 

* V. W. Alack, J. Soc. Chem. Ind., 34, 641 (1915). 
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diluted to 500 cc. and mixed. This solution contains 0.01 mg. of 
cobalt per cubic centimeter. The solution should be used at once, 
since after a short time a precipitate appears. 

Procedure. — Weigh out a sample of such size as to contain between 
0.05 and 2 mg. of cobalt and incinerate in a porcelain crucible. Extract 
the ash with concentrated hydrochloric acid. If any insoluble matter 
remains, add aqua regia and finally drive off the nitric acid by adding 
concentrated hydrochloric acid and heating. Evaporate the solution 
to dryness, take up the residue in hot water and a few drops of 6 N 
hydrochloric acid and dilute to a convenient volume in a volumetric 
fla.sk. Place an aliquot part of the solution in a Nessler cylinder, add 
5 cc. of ammonium citrate reagent, dilute to about 90 cc., add 5 cc. of 
a-nitroso-jS-naphthol, dilute to 100 cc. with water, mix, and match 
against a standard solution of cobalt prepared by adding the same 
amounts of ammonium citrate and «-nitroso-|(3-naphthol as used with 
the sample. Comparisons are made by the balancing or dilution 
methods, or the method of duplication. 

Notes. 

1. The above procedure must be modified if copper or a minute 
trace of nickel or of manganese is present. 

The copper is removed by passing hydrogen sulfide into the slightly 
acidified solution (about 0.05 N with HCl). Filter, boil off the hydro- 
gen sulfide from the filtrate, and complete the analysis in the usual way. 

If nickel is present, add a few cubic centimeters of ammonium 
citrate reagent to the neutral or slightly acid solution, dilute to about 
100 cc. with water and heat almost to boiling. Then add a 1 per cent 
solution of dimethylglyoxime in alcohol (1 cc. for every 2 mg. of Ni) 
and make slightly alkaline by adding ammonium hydroxide drop by 
drop. Stir the mixture, allow it to stand about 5 minutes in a warm 
place, filter into a volumetric flask and wash with hot water. Cool the 
solution, dilute to the mark, and mix. Evaporate an aliquot part to 
dryness in a porcelain dish and gently ignite the residue. Cool, treat 
first with aqua regia, then with concentrated hydrochloric acid, and 
evaporate to dryness. Moisten with a drop of 6 N hydrochloric acid, 
extract with water and complete the cobalt determination in the usual 
way. 

When the amount of manganese is considerably greater than that 
of cobalt, it must be removed, for the most part at least. The solution 
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of the sample containing the metals as chlorides is digested on a hot- 
plate with an equal volume of nitric acid (sp. gr. 1.2) and a little 
sodium bismuthatc. As soon as the pink color of the permanganate 
has disappeared, filter, dilute the filtrate to a suitable volume, and 
transfer an aliquot part to a Nessler cylinder. Add 5 cc. of neutral 
ammonium citrate, neutralize the solution with ammonium hydroxide 
(litmus paper) and then add a measured quantity of 6 N ammonium 
hydroxide. Compare the color with a standard cobalt solution pre- 
pared by adding the same amounts of neutral ammonium citrate, 
ammonium hydroxide, and a-nitroso-i3-naphthol. The comparison 
may be made by the methods of dilution, balancing, or duplication. 

2. The most satisfactory amount of cobalt for comparison is 
about 0.1 mg. ''* 

v3. When nickel is removed by precipitation as dimethylgly oxime, 
the excess of the latter is removed by evaporating to dryness and 
treating the residue with aqua regia. 

4. The purpose of adding ammonium citrate is to prevent the inter- 
ference of metals other than those of copper, nickel, and manganese. 

5. A pure solution of «-nitroso-/3-naphthol does not keep satis- 
factorily but its sodium salt does. 

6. A series of standard solutions is not satisfactory as the cobalt 
precipitates after a short time. 

7. The accuracy of the method for the estimation of cobalt in var- 
nishes and zinc oxide paints is shown by the following results obtained 
by Jones^* who added known amounts of cobalt to the materials. 


Varxisiiks 


Fer cent Co added 

0,0095 

0,059 

0,066 

0,072 ^ 

0,104 

0.180 

Fer cent Co found 

0,009 

0,0, U 

0,062 

0,070 i 

0,10.3 

0.178 


ZnO— Faints 


Fer cent Co added 

0.065 

0,114 




Fer cent Co found 

0.065 

0.103 





® E. G. Jones, he. cit. 
* hoc. cil. 
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COPPER 

DETERMINATION OF COPPER BY AMMONIA 

This dctcnriination is based upon the blue copper ammonia com- 
plex ion, lCu(NH;i).t! + '*^, which forms when an excess of ammonia is 
added to a solution of cupric ions. 

Reagents. 

1. Ammonium hydroxide, sp. gr. 0.90, and dilute ammonium hy- 
droxide, 3 N. 

2. Nitric acid, sp. gr. 1.42. 

3. Sulfuric acid, sp. gr. 1.84. 

4. Permanent standards. Dissolve about 0.3 gram of pure copper 
in 5 cc. of cone, nitric acid and 5 cc. of cone, sulfuric acid and evaporate 
until dense white fumes of the latter are evolved. Then cool, add 25 
cc. of distilled water and cone, ammonia until a clear blue solution is 
obtained, finally diluting with 3 N ammonium hydroxide until 1 cc. 
of solution contains exactly 0.0025 gram of copper. Accurately 
measure out portions of the standard containing from 0.10 to 1.30 per 
cent of copper, place them in clear glass cylinders of uniform size and 
fitted with ground-glass stoppers, dilute to the 200 cc. mark with 3 N 
ammonium hydroxide, and thoroughly mix. If these standards arc 
kept in a cool place and away from direct sunlight they will last a long 
time. (See Note 2.) 

Procedure^— Two and a half grams of the substance are placed in 
a casserole, ' 15 cc. of cone, nitric acid and 5 cc. of cone, sulfuric acid 
are added, and the mixture heated to a thick pasty mass. Dissolve the 
copper sulfate in 70 cc. of water, add 30 cc. of cone, ammonia, filter, 
and wash the residue twice with dilute ammonia (1 : 10). Rinse the 
residue back into the casserole with 50 cc. of water, being careful not 

’ G. L. Heath, J. Am. Chem. Soc., 19, 24 (1897). 
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to damage the filter, and add sulfuric add sufficient to dissolve the 
ferric oxide and alumina. Twenty-five cubic centimeters of cone, 
ammonia are then added and the solution filtered and washed as 
before. The filtrate and washings are mixed with the main filtrate, 
the solution transferred to a glass cylinder like those used for the 
standards, diluted to the 200 cc. mark with 3 N ammonium hydroxide, 
thoroughly mixed, and compared with the series of standards. The 
matching is best made by placing a piece of plain white paper behind 
the sample and standard cylinders and holding them against a window 
pane. 

Notes. 

1. Copper is usually to be estimated in tailings or lean blast fur- 
nace slags and must be separated from silica, and the oxides of iron, 
aluminum, and calcium. I'he above method of double precipitation 
of the iron and aluminum is more accurate, and requires less time than 
either the precipitation by aluminum or a single precipitation by 
ammonia. 

2. Nitric acid used to dissolve the pure copper for the standard is 
replaced by sulfuric acid and the solution made strongly ammoniacal 
with ammonia. This procedure gives standard ammoniacal copper 
solutions which arc permanent for a long time, provided they arc kept 
tightly stoppered and away from direct sunlight. 

3. Should the first residue be evaporated too dry, or should the 
color be very purple after filtration, the separation of copper from 
basic oxides by a single precipitation with ammonium hydroxide will 
be incomplete. Should the solution have a greenish tint, the readings 
arc likely to be a little too high, but the error is within the limits of 
error in sampling. In case the green tint is very pronounced the 
analysis should be repeated. If cupri-ferrous material is present the 
weighed sample should be heated several minutes in a porcelain cru- 
cible at a bright red heat. Stir with a platinum wire during the 

heating. ^ 

4. Results with samples containing from 25 to 35 per cent" of iron 

and aluminum oxides showed from 0.00 to 0.04 per cent of copper m 

the residue on the filter after the second precipitation. ^ 

5. Although both copper sulfate and copper nitrate give a dark blue 
solution in ammonia, the colors are not the same for the same copper 


* Heath, loc. cU. 
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content. Hence, the standard and the sample must consist of the same 
copper salt. 

6. The analysis is most sensitive when the copper content is 

0.0127 mg. per cubic centimeter. At this concentration, the addition 
of O.O7I6 mg. of copper can be detected.'*^ 

7. If the method of balancing or that of dilution is to be used, pre- 
pare a standard ammoniacal copper solution containing 0.01 mg. of 
copper per cubic centimeter. 

DETERMINATION OF COPPER AS THE SULFIDE 

The addition of a little hydrogen sulfide water to a solution con- 
taining a minute quantity of copper gives a colloidal dispersion of 
copper sulfide whose brown color may be quantitatively matched 
against a standard prepared in a similar way. 

Reagents. 

1. Nitric acid, sp. gr. 1.42. 

2. Hydrogen sulfide water. Saturate distilled water with pure 
hydrogen sulfide prepared as directed on page 240. 

3. Ammonium chloride. Use a saturated solution. 

4. Sodium acetate, 1 N. 

5. Sugar solution. Use a 50 per cent solution of pure white sugar. 

6. Standard copper solution. Dissolve 0.3928 gram of pure copj)er 
sulfate, CUSO4 • 5H2O, in water, dilute to a liter, and mix. This solu- 
tion contains 0.1 mg. of copper per cubic centimeter. 

Procedure. — Dissolve a weight of sample that contains not more 
than 0.00025 gram (better 0.0001 gram) of copper, or if a larger 
amount is taken, then use an aliquot part of the solution. Add to the 
dissolved sample, or aliquot part, 3 cc. of sodium acetate solution, 5 cc. 
of ammonium chloride solution, and 3 cc. of cone, nitric acid. Then 
add 2 cc. of h5'drogen sulfide water and thoroughly mix. Match the 
brown colored suspension against a standard by any of the methods 
except that of a series of standards. If the dilution or balancing 
method is used, 10 cc. of the standard copper solution are treated with 
the same reagents as the sample, except that 6 cc. of hydrogen sulfide 
water are used instead of 2 cc., and the final solution diluted to 100 cc. 
One cubic centimeter of this solution contains 0.01 mg. of copper. 

® F. D. Snell, Colorimetric Analysis, p. 45. D. Van Nostrand Co., New York, 1921. 
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To compare by duplication, dilute the sample to 50 cc. and add the 
standard copper solution, drop by drop, to 25 ec. of water containing 
the reagents used in the sample, the final volume being brought to 
50 cc.djy the addition of water. Similar tubes must, of course, be used 
for the sample and standard. 

Notes. 

1. The presence of the ammonium chloride increases the delicacy 
very much. 

2. Since the copper sulfide is in colloidal suspension, it may show a 
tendency to agglomerate and settle. This tendency may be largely 
overcome by taking a new samide and adding 5 cc. of a strong sugar 
solution, in addition to the other reagents, before adding the hydrogen 
sulfide water. The sugar acts as a peptizing ag(;nt. 

3. Due to the copper sulfide being in the colloidal state, it is essen- 
tial that strict attention be given to having the same (juantities of 
electrolytes present in both the sample and the standard, 'fhe intensity 
of the color will vary with the size of the particles of copper sulfide 
and this in turn is influenced by electrolytes. Moreover, the order 
and manner of adding all reagents should be as nearly the same as 
jiractical when precipitating the copper in the sample and in the 
standard. 

4. The test cannot be made in the presence of lead, silver, mercury, 
or bismuth since the sulfides of these metals color the solution brown. 
Iron, cobalt, and nickel are not likely to interfere since their sulfides 
do not form in acid solution. They would interfere, however, if pres- 
ent in very large amounts, due to the colored solutions given by their 
salts. 


DETERMINATION OF COPPER AS THE CHLORIDE IN 
CONCENTRATED HYDROCHLORIC ACID 

Cupric chloride dissolves in strong hydrochloric acid t(] give a yellow 
solution. A maximum intensity in color is reached at a hydrochloric 
acid concentration of about 28 per cent.'^ Comparisons arc, there- 
fore, made in 28 per cent hydrochloric acid solution. 

Reagents. 

1. Hydrochloric acid. A 28 per cent solution is prepared as 
directed in the determination of iron by the chloride method, page 238. 

* C. Hiittner, Z. anorg. Cliem., 86, 341 (1914). 
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2. Nitric acid. Use the C.P. acid, sp. gr. 1.42, if it gives a zero 
“ blank,” otherwise, redistill the concentrated acid. 

3. Standard copper solution. Dissolve 1 .0000 gram of pure copper 
in nitric acid, add strong hydrochloric acid, and evaporate to dryness. 
Repeat this treatment twice, dissolve the final residue in a little hydro- 
chloric acid, and then dilute to one liter with the 28 per cent acid. One 
cubic centimeter of this solution contains 0.001 gram of copper. 

Procedure.— Dissolve the weighed sample, containing about 

0.01 gram of copper (or about 0.1 gram), in concentrated hydrochloric 
acid of about 28 per cent strength. Dilute to 100 cc. with the 28 per 
cent acid (or to 1000 cc. if 0.1 gram sample was used). If the sub- 
stance is not readily dissolved in hydrochloric acid, dissolve it in cone, 
nitric acid or aqua regia. Replace the nitric acid by repeated evapora- 
tion to dryness (three times) with hydrochloric acid, finally dissolving 
the residue in hydrochloric acid and diluting the solution to 100 cc. 
(or to 1000 cc. if 0.1 gram sample was used) with the 28 per cent acid. 
Compare 50 cc. of the diluted sample with the standard by the method 
of balancing. 

Notes. 

1. Manganese and free chlorine do not impair the accuracy of the 
determination. Cobalt and nickel do not interfere unless they are 
present in large amounts. Nitric acid and the oxides of nitrogen color 
the solution yellow and, hence, must be removed by repeated evapora- 
tion to dryness with strong hydrochloric acid. Iron also gives a yellow 
color in hydrochloric acid solution. The ratio of intensities of the color 
of the copper solution to that of the iron solution is 5 : 9. The copper 
may be separated from the iron-'’ (also from cobalt and nickel) by pre- 
cipitating as the sulfide. The cupric sulfide is then dissolved by boil- 
ing in dilute nitric acid, the sulfur filtered off, the filter thoroughly 
washed, and the filtrate together with the washings evaporated to 
dryness with strong hydrochloric acid. Continue the analysis as 
directed in the procedure above. 

2. The hydrogen sulfide used to precipitate the copper must be 
thoroughly washed. It is conveniently prepared as directed on p. 240. 

3. Small quantities of organic matter may give a yellow color to 
strong hydrochloric acid. Hence, any organic matter present must 


® C. Hiittner, loc. cU. 
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be removed by igniting the sample in the presence of air. The ignited 
mass IS then brought into solution in the usual way 

4.. The estimation of copper a.s chloride in concentrated hydro- 
chloric acid is as accurate as the ammonia method. 

5. The method of balancing is preferable if a large number of 
analyses are to be made, owing to the cost of the large amount of 
hydrochloric acid required for the method of dilution. All dilutions 
must be made with 28 per cent acid. 

DETERMINATION OF COPPER AS THE BROMIDE 

This method is based upon the brown color of cupric bromide in 
acid solution. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Potassium bromide. Dissolve 100 grams of pure potassium 
bromide in 150 cc. of boiled distilled water, dilute to 200 cc., and mix. 
Keep in a brown glass bottle and in the dark. 

3. Standard copper solution. Place 0.3928 gram of pure copper 
sulfate, CuSOi-SIDO, in a liter volumetric flask, dilute to the mark 
with water, and mix. One cubic centimeter of the .solution contains 
0.1 mg. of copper. 

Procedure. Dissolve the weighed sample in water or acid, dilute 
to a definite volume, mix thoroughly, and measure out accurately 5 cc. 
Twenty cubic centimeters of the potassium bromide solution are placed 
in a beaker, 10 cc. of cone, sulfuric acid are added a little at a time, and 
the precipitated potassium sulfate filtered off. Five cubic centimeters 
of the filtrate are added to the 5 cc. aliquot part of the sample, together 
with 2 cc. of cone, sulfuric acid. After thorough mixing, the solution is 
matched in color against a series of standard copper solutions prepared 
in a similar way. * 

Notes. 

1. The bromide method may be used to estimate small amounts 
of copper in chlorides, nitrates, and sulfates. It may also be used 
when the copper is present in a complex radical, provided the complex 
is decomposed by treating with a concentrated acid. 

•Bull. soc. pharm, Bordeaux, Aug.-Dee., 1915. 
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2. The potassium bromide solution is unstable and should be 
prepared fresh at least every two weeks. It must be kept in the dark 
and in a brown bottle. Prepare only a small volume of the reagent 
as needed, if determinations are made infrequently. 

3. The standard color solutions arc fairly stable and may be kept 
for some time. 

DETERMINATION OF COPPER BY POTASSIUM FERROCYANIDE 

When potassium ferrocyanide is added to solutions containing cop- 
per ions a puri)lish brown color is produced, due to the formation of the 
corresponding coi)per complex salt, Cu 2 Fe(CN)(i. The intensity of 
the color serves as a measure of the coi)])er content of the solution. 

Reagents. 

1. Nitric acid, sp. gr. 1.42. 

2. Sulfuric acid, sp. gr. 1.84. 

3. Ammonium hydroxide, C N. 

4. Ammonium chloride, saturated solution. 

5. Potassium ferrocyanide, 3 per cent solution. 

6. Standard copper solution. Dissolve 0.3928 gram of pure cop- 
per sulfate, CuSOrSHiA), dilute to a liter and thoroughly mix. One 
cubic centimeter of this solution contains 0.1 mg. of copper. 

Procedure.- The weighed sample, containing between 0.00005 and 
0.005 gram of copper, is dissolved in water or nitric acid. If the latter, 
boil till most of the acid is driven off, add 5 cc. of sulfuric acid and 
re-boil. Cool, dilute a little, filter, and wash the residue with warm 
water. Add ammonia to the combined filtrate and washings until 
slightly alkaline and boil off the excess of ammonia, then add 5 drops 
of the potassium ferrocyanide solution and compare the color against 
a standard by the method of dilution or that of duplication. For the 
method of duplication the sample is diluted to 50 or 100 cc., thoroughly 
mixed and one-half of it used for the comparison. The standard is 
made by adding 5 drops of potassium ferrocyanide solution to 35 cc. of 
water containing 5 cc. of ammonium chloride, mixing, and adding the 
standard copper solution until the color matches that of the sample 
when carefully diluted to the same volume as that of the sample. Both 
standard and sample are made up in similar tubes. 

If the dilution method is to be used, take 10 cc. of the standard, add 
25 cc. of water, 5 cc. of ammonium chloride, 5 drops of potassium ferro- 
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cyanide solution and dilute to 50 cc. Then dilute slowly until the 
co or matches that o the sample, taking the precaution to mix the 
solution thoroughly after each dilution. 

Notes. 

1. The presence of ammonium chloride, ammonium nitrate or 
potassium nitrate increases the delicacy of the test. With these salts 
present, 1 part of copper can be detected in 2,5()(),()()0 parts of solution. 

2. Potassium ferrocyanide gives a white precipitate with lead, but 
the amount of lead likely to be present at the dilution of the test is 
usually negligible. For more accurate work, the same amount of lead 
present in the sample may be added to the standard in the form of 
lead nitrate.^ 

3. A large amount of iron interferes with the analysis. The iron 
is removed by precipitating with ammonia and filtering off the ferric 
hydroxide. Ihe latter may be used to estimate the iron content of 
the sample. In case there is a large jirecipitate, dissolve it in a little 
hydrochloric acid, reprccipitate with ammonia, filter, and add the fil- 
trate to the first one. The resolution and rciirecipitation is to recover 
the small amount of copper carried down with the first precipitate. 

4. If a large amount of zinc is present it is removed as follows: 
Slightly acidify with acetic acid the filtrate from the iron precipitation, 
add 5 cc. of 8 per cent disodium ammonium phosphate, NaoNH^POi, 
solution; boil, cool, filter, and treat the filtrate for copper in the usual 
way. 

5. The test solution must be nciilral In acid solution an earthy 
brown color is formed ; in an alkaline solution the color fades. Litmus 
paper should be used as an indicator. 

6. The color fades too quickly for the use of a series of standards 
and is not suitable for comparison by balancing. 

DETERMINATION OF COPPER BY SALICYLIC ACID 

Reagents. 

1. Salicylic acid. One-half per cent solution in dilute alcohol. 

2. Acetic acid. Ten per cent solution of iron-free acetic acid. 

3. Potassium nitrate. Two per cent solution of the pure salt. 


^ J. Ind, Eng. Chera., 7, 1035 (1915). 
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4. Standard copper solution. Dissolve 0.3928 gram of pure copper 
sulfate, CuS 04 • VSH 2 O, in water, dilute to a liter and mix thoroughly. 
One cubic centimeter of the solution contains 0.1 mg. of copper. 

Procedure. — The sample is dissolved in water and diluted to 10 cc. 
in an ordinary test tube. To each of a series of test tubes (selected 
to match, as nearly as practicable, the sample tube) is added measured 
amounts of the standard copper solution. The amounts of the 
standard should vary from 0.1 to 1.0 cc. and each is diluted to 10 cc. 
Then to each tube, including the sample, is added 5 drops of potassium 
nitrate solution, 5 drops of acetic acid solution, and, finally, 3 cc. of 
the salicylic acid. Mix the contents of each tube, heat them to 
boiling in a water-bath for 45 minutes, and compare the sample with 
the standards. The reading is taken as that standard which matches 
the closest the color of the sample tube. 

Notes. 

1. This method is sensitive to 0.01 mg. of copper. 

2. The method cannot be used in the presence of free mineral 
acids, citric and tartaric acids, or iron salts.-^ 

3. The color produced by the reaction of salicyclic acid with copper 
ions fades fairly rapidly. Hence, comparison is always made with a 
series of standards prepared simultaneously with the sample. 

DETERMINATION OF COPPER BY ETHYL XANTHATE 

This determination is based upon the yellow color produced when 
potassium ethyl xanthatc is added to a solution containing a minute 
quantity of copper.^ 

Reagents. 

1. Potassium ethyl xanthate. Use 1 gram of the pure salt per liter. 
Keep the solution in an amber-colored glass-stoppered bottle. 

2. Standard copper solution. Dissolve 0.3928 gram of pure copper 
sulfate, CuS 04 ' 5 H 20 , dilute to a liter and mix. One cubic centi- 
meter of the standard contains 0.1 mg. of copper. 

*Z. Nahr. Genussm., 22, 727. 

*W. W. Scott, Standard Methods of Chemical Analysis, 4th ed., p. 197. D. Van 
Nostrand Co., New York, 1925. 
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Procedure.— Weigh out a sample to contain not more than O.OOt 
gram of copper, dissolve in water, dilute to 90 cc. and add 10 cc. of 
potassium ethyl xanthate. Compare the yellow color produced with 
that of a standard. For the method of duplication, the standard is 
made by adding 10 cc. of the iwUssium ethyl xanthate solution to 60 
cc. of water and running in the standard copper solution, little by little, 
till the color matches the sample after their volumes have been made 
equal. 

To match the color by balancing or diluting, 10 cc. of the standard 
copper solution are diluted to 500 cc. with water and 10 cc. of the 
potassium ethyl xanthate solution. This solution has a copper con- 
tent of 0.002 mg. per cubic centimeter. 

Notes. 

1. The ethyl xanthate method is excellent for the estimation of 
copper present as impurity in salts. 

2. Small amounts of lead, iron, cobalt, nickel, manganese, and zinc 
do not interfere with the accuracy of the test. 

3. Not more than 0.001 gram of copper must be present in the 
sample taken for analysis. If more than this amount is present, 
copper xanthate precipitates. 

4. If the sample is insoluble in water, dissolve in nitric acid and 
displace the nitric acid by evaporating the solution to dryness with 
hydrochloric acid. The residue is taken up in water and the analysis 
continued in the usual way. Any organic matter in the sample must 
be removed. This may be accomplished by igniting the sample with 
a little sodium or potassium nitrate and removing the excess of nitrate 
by adding hydrochloric acid and evaporating do dryness. 
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DETERMINATION OF FLUORINE BY ITS BLEACHING ACTION ON 
AN OXIDIZED TITANIUM SOLUTION ‘ 

Fluorine has a powerful bleaching action on the yellow color pro- 
duced by oxidizing a titanium solution with hydrogen peroxide. By 
comparing the colors of equal volumes of two solutions containing the 
same amount oi titanium oxuli/.c(\ by hydrogen peroxide, one om- 
iLimng fluorine and tlic other none, tl.e percentage of fluorine can be 
cakuhitcd 
Reagents. 

L Sulfuric acid, 6 N. 

2. Hydrogen peroxide, 3 per cent. Titrate the peroxide against a 
standard potassium permanganate solution from time to time to be 
certain its strength is still satisfactory. 

3. Fusion mixture of sodium and potassium carbonates. 

4. Ammonium carbonate. 

5. Standard titanium sulfate solution. Dissolve potassium titan- 
ium fluoride in water, add a large excess of sulfuric acid; evaporate 
until sulfur trioxide is given ofl, cool, add more water, and repeat the 
operation several times to insure complete removal of fluorine. Dilute 
with a large volume of water and determine the titanium content of 
the solution gravimetrically by precipitating a measured portion of it 
with ammonium hydroxide, filtering, igniting the precipitate, and 
weighing the Ti02. Dilute the remainder of the solution so that 1 
cc. contains 0.1 mg. of Ti 02 , at the same time adding enough sulfuric 
acid to make a 3 per cent solution. 

6. Standard fluorine solution. Dissolve 1.2419 grams of potas- 
sium zirconium fluoride (potassium fluorizirconite), K 2 ZrFG, in water, 
dilute to a liter and thoroughly mix. This solution contains O.vS mg. 
of fluorine per cubic centimeter. 

1 G. Steiger, J. Am. Chem. Soc., 30, 219 (1908); cf. H. E. Merwin, Am. J. Sci., 28, 1 19 

( 1909 ). 
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Procedure. — For rocks containing only a few tenths of a per cent 
of fluorine, a 2-gram sample is satisfactory. The finely ground sample 
is fused with four’ or five times its weight of a mixture of sodium and 
potassium carbonates and the fused mass thoroughly bleached with 
hot water. Two grams of ammonium carbonate are added and the 
mixture heated on the water-bath for about 20 minutes. Allow the 
mixture to cool an hour or more and liltcr off the precipitate of iron, 
and aluminum hydroxides and silica. FA'aporate the filtrate to a small 
volume (25 or 30 cc.) and again filter to insure a clear solution, allow- 
ing the latter to run into a 100 cc. volumetric flask. Add sulfuric 
acid to the solution until it is almost neutral, taking care not to add 
an excess, shake well until free from excess carbon dioxide, and then 
add sulfuric acid until the solution is slightly acid. Now add more 
acid dependent on the amount of fluorine present. For 0.01 gram of 
fluorine add 12 cc. of acid and for 0.00005 gram, 1 cc. of acid.^ For 
intermediate amounts of fluorine, use proportionate quantities of 
acid. To the acidified solution (or an aliquot part containing not more 
than 2 or 3 mg.) add 20 cc. of the standard titanium sulfate solution 
and 3 cc. of hydrogen peroxide, dilute to the mark with water and mix 
thoroughly. Compare this solution with a standard prepared by adding 
3 cc. of hydrogen peroxide to 20 cc. of the standard titanium sulfate 
solution, diluting to 100 cc. with water and mixing. The comparison is 
made in a colorimeter whose error is not more than 2 or 3 per cent. 

Since the two solutions contain the same amount of titanium 
per cubic centimeter their colors should be identical, but on account of 
the bleaching effect of fluorine on titanium solutions oxidized by hydro- 
gen peroxide, the sample solution will be lighter in shade than the 
standard. The extent of bleaching is not directly proportional to the 
fluorine content, but by reference to the curve in Fig. 42 the amount 
of fluorine corresponding to a given bleaching can be om\ up 
pose, for example, a reading of 73.5 is obtained. The fluorine has 
caused a bleaching of the solution equivalent to 26.5 p'er cent o tie 
titanium present. By finding 73.5 on the abscissa with the help of 
the curve the amount of fluorine (0.0015 gram) can be read off directly 
on the ordinate. 


Notes. 

1. The above method will delect several hundredths of one pa 
cent of fluorine and will approximate the quantity. Better 
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are obtained with quantities up to several tenths of a per cent, and 
when not more than 2 per cent is present the results compare favorably 
with those obtained with the standard methods. 



95 90 85 ^ 80 75 70 65 

Reading 

Fig. 42. 

2. The ammonium carbonate treatment removes all the iron and 
aluminum and leaves not more than 30 mg. of silica. Iron prevents 
the bleaching action of the fluorine (and also colors the solution), 
but only a small amount of it is extracted from the fused mass, and 
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this is probably completely removed by the ammonium carbonate 
treatment. Aluminum, even in small amounts, has a very pro- 
nounced bleaching effect, but is completely removed by the ammo- 
nium carbonate treatment. Silica has only a slight effect when not 
over 0.1 gram is present. The 30 mg. or less of silica remaining after 
the ammonium carbonate treatment docs not interfere. Phosphoric 
acid has a bleaching action on oxidized titanium solutions, but the 
amount of phosphorus likely to be present in a rock will not introduce 
a significant error. Sodium and potassium salts in large amounts 
have a slight bleaching action, but the quantity present in the above 
procedure does not seriously alter the results. The possible effect of 
traces of vanadates, tungstates, and chlorides has not been deter- 


mined. 

3. The color is affected by a change in temperature, an increase in 
intensity from 5 to 15 per cent being produced by a temperature rise of 
30° C. 

4. In shaking the solution until free from excess of carbon dioxide, 
‘‘ care should be taken not to have an excess of acid present before 
shaking, for the reason that the escaping gas will carry off some 

fluorine; even under the above conditions a slight loss occurs. 

5. Various mixtures, roughly representing commonly occurring 
rocks and containing accurately known amounts of fluorine, have 
been analyzed for fluorine by Steiger {loc. cit) and serve to show the 
limits of accuracy of the above method. All of his results are given 


in Table XIV. 


table XIV 


SiOa 

0.60 

0.60 

0.60 

0 . 70 * 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 


AWi 


0.20 

0.20 

0.20 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 


FC 2 O 3 MgCOjCaCO:, 


0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0,05 


0.03 

0.03 

0.03 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 


0.05 

0.05 

0.10 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 


4aHNH4r04 

TiOj 

F, Calculated 
G 

F. Found 

G 



0.0114 

0.0102 

0.01 

0.008 

0.0052 

0.00525 

O.Ol 

0.01 

0.00284 

0.0027 

0.01 

0.005 

0 . 0005 * 

0 . 0003 

0.01 

0.005 

0,00526 

0 0056 

0.01 

0.005 

0.00526 

0.0040 

0.01 

0.005 

0 00253 

0 0020 

0.01 

0.005 

0.01228 

0.0089 

0.01 

0.005 

0,00516 

0,00486 

0.01 

0.005 

0 00536 

0 00530 


’ in inis aeierminaiioii me iubiw.. - 

water before the treatment with ammonium carbonate. 


® G. Steiger, loc. cit. 
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Steiger also made determinations of fluorine in natural rocks und 
compared them with the gravimetric results. His three sets of aiiaK scs 
are as follows : 



I 

Ter Cent 

11 

Per Cent 

C'inv\'inictric dctcrniinulion 

0. 15 

3.01 

2.58 

Colorimclric determination 

0.21 



Rocks containing between 10 and 20 per cent of fluorine were also 
analyzed, but the results were unsatisfactory, being in error by si‘\- 

eral per cent. 
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GOLD 

determination of gold by decomposition of the cyanide 

BY POTASSIUM BROMATE AND SULFURIC ACID ^ 

A CYANIDE solution is treated with potassium bromatc and con- 
centrated sulfuric acid, and stannous chloride then added. As little 
gold as one cent per ton can be detected. Eight cents of gold per ton 
gives the purple of Cassius. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Potassium bromate. 

3. Stannous chloride. 1 cn per cent solution in dilute hydrochloric 
acid. 

Procedure. — Add a small amount of potassium bromate to a 50 cc. 
solution of the sample and then concentrated sulfuric acid little by 
little until effervescence begins. The reaction will continue until all of 
the cyanide is decomposed. Boil off the bromine and add an excess of 
stannous chloride solution. Compare the color with a scries of stand- 
ards or from memory if the operator is sufficiently experienced with 
the test. 

Note.~It is not necessary to boil off the bromine before adding 
stannous chloride, if the test is to be made at once. 1 he color will not 
retain its true intensity for more than a minute unless the bromine 
has been removed. 

DETERMINATION OF GOLD BY DECOMPOSITION OF THE CYANIDE 
BY SODIUM BROMIDE AND SODIUM PEROXIDE ^ 

I'his method is similar to the preceding one except that sodium 
bromide is added to the sample in 5()-cc. solution and then an excess of 
sodium peroxide. Bromine is liberated and the cyanide is decom- 

' H. R. Cassel, Eng. Mining J., 76, 661 (1903). 
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posed. The solution is then neutralized with sulfuric acid, acidified 
with hydrochloric acid, stannous chloride solution added, and the 
color obtained compared with a series of standards or from memory. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Hydrochloric acid, sp. gr. 1.19. 

3. Sodium bromide. 

4. Sodium peroxide. 

5. Stannous chloride. Ten per cent solution in dilute hydrochloric 
acid. 

DETERMINATION OF GOLD BY DECOMPOSITION OF THE CYANIDE 
BY AMMONIA * 

This method differs from that of the two preceding ones only in 
the manner of reduction of the cyanide. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Hydrochloric acid, sp. gr. 1.19. 

3. Ammonium chloride. Ten per cent solution in dilute hydro- 
chloric acid. 

Procedure. — A solution of the sample is treated with concentrated 
ammonium hydroxide, an amount equivalent to one-third the volume 
of the solution being added. The solution is then neutralized with 
concentrated sulfuric acid, acidified with hydrochloric acid, stannous 
chloride added, and the color thus produced compared with standards 
similarly prepared. 

DETERMINATION OF GOLD BY METAPHENYLENEDIAMINE 

The yellow to brown color produced in this method is due to col- 
loidal gold. As little as 0.05 per cent of gold can be estimated. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Sulfuric acid, 6 N. 

3. Metaphenylenediamine, 5 grams per liter. 

® H. R. Cassel, loc. cit. 



DORING'S method for the determination of gold 


Procedure.— A solution of the gold in the form of cyanide is 
treated with concentrated hydrochloric acid. This decomposes the 
cyanide and cottv«\s iVe fe Five cu6ic cent/- 

meters of the metaphenylenediamine are then added and the solutions 
mixed. Next add sulfuric acid, a little at a time, mixing after each 
addition, until the maximum intensity of color is produced. Com- 
pare with a series of standards similarly prepared. 

Note.— The solution of metaphenylenediamine may turn pink on 
standing in the light. It may be decolorized by shaking with animal 
charcoal and filtering off the latter. 

BORING’S METHOD FOR THE DETERMINATION OF GOLD ‘ 

This method is suitable for the estimation of gold in very poor ores. 
It will detect as little as a half gram of gold per ton of ore. 

Reagents. 

1. Bromine. 

2. Ether. 

3. Stannous chloride. Ten per cent solution in dilute hydro- 
chloric acid. 

Procedure.— Place 100 grams of the finely ground ore, slightly 
and uniformly moistened, in a ground glass-stoppered bottle, add 1 or 
2 cc. of a 1 to 1 solution of bromine and ether, stopper the bottle and 
shake at frequent intervals for about 2 hours. Enough bromine must 
be present to keep the bottle filled with bromine vapor. Next add 50 
cc. of water and let the mixture stand 2 hours with occasional shaking. 
Filter the solution, evaporate the filtrate to one-fifth of its original 
volume, add a little bromine water, and treat in a test tube with 10 cc. 
of stannous chloride solution. 

Results. 

0.1 per cent solution gives a deep brown color (epaque in thin 
layers). 

0.01 per cent solution gives a brown violet at once (14 cm. column 
opaque). 

0.001 per cent solution gives a pale violet at once. The color deep- 
ens on standing. 

* J. A. Siemssen, Chem. Ztg., 36, 934 (1912), 

* Cf. F. D. Snell, Colorimetric Analysis, p. 91. D. Van Nostrand Co., New York, 1921. 
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0.0001 per cent solution, evaporated to one-fifth its former volume 
and a drop of bromine water added, gives a rose tint in a 14 cm. 
column. 

0. 00005. per cent solution, treated as the 0.0001 per cent solution, 
gives faint pink in a 14 cm. column. 

The gold content of the ore may be calculated from the per cent of 
the solution. 

DOWSETT’S METHOD FOR THE DETERMINATION OF GOLD « 

The gold is extracted with sodium cyanide solution, precipitated 
with a few drops of lead nitrate solution and a small amount of zinc, 
the precipitate dissolved in nitric acid and stannous chloride solution 
added. Colors of solutions thus obtained vary from the palest yellow 
tinge to purple of Cassius, corresponding to gold contents from 2 cents 
per ton to 8 cents per ton, respectively. 

Reagents. 

1. Hydrochloric acid, 1.19. 

2. Nitric acid, 1 acid to 2 water. 

3. Sodium cyanide. Use a saturated solution. 

4. Lead nitrate. Use a saturated solution. 

5. Stannous chloride.. Dissolve about 12.5 grams of stannous 
chloride crystals in 10 cc. of cone, hydrochloric acid and dilute with 
water to 100 cc. 

6. Zinc dust. Use zinc dust sifted through a 200-mcsh sieve. 

Procedure. -The sample contained in about 500 cc. is poured 

into a liter bottle (which has very little shoulder), and 10 to 15 cc. of a 
saturated sodium cyanide solution and 2 or 3 drops of a saturated lead 
nitrate solution are added. Then add from 1 to 2 grams of zinc dust. 
Usually 1 gram is sufficient. Stopper the bottle and shake vigorously 
for 2 or 3 minutes, or until the precipitate is completely coagulated and 
will settle rapidly. Pour the contents of the bottle into a casserole, 
allow the precipitate to settle, and carefully decant the clear solution. 
Add hydrochloric acid to the residue, drop by drop, until the reaction 
stops, and then I or 2 drops more. Add 3 to 5 drops of dilute nitric 
acid and evaporate the solution to 1 or 2 cc. Transfer the solution 
to a small test tube, cool, add 1 cc. of stannous solution, and observe 
the color thus obtained. 


‘‘Met. Chem. Eng., 12, 460 (1914). 
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The colors and their corresponding gold values in cents per ton are 
as follows; 

Cents 
per ton 


Very pale tinge 2 

Pale yellow 3 

Pale pinkish yellow 4 

Deep pink 6 

Purple of Cassius 8 


Notes. 

1. If the gold content is very small, tire lube should be allowed to 
stand 2 or 3 minutes to permit the full color to develop. A faint color 

is detected better by looking down the tube. 

2. Different solutions may require some variation in the amounts 
of cyanide, lead nitrate, and zinc dust. The least amount of lead 
nitrate that will give a rapidly settling precipitate should be used. 
This will mean the minimum quantity of nitric add will be required 
to dissolve the precipitate. Too much nitric acid must be avoided 

since it causes the color to differ from that specified. 

3. If mercury is present, a dark coloration is obtained which inter- 
feres with the test. 


PRISTER'S METHOD FOR THE DETERMINATION OF GOLD* 

The gold is precipitated together with copper sulfide, the precip- . 
itate dissolved in alkaline cyanide, the solution treated with me dust 
filtered, the excess zinc removed by hydrochloric and the fcsuke 
extracted with aqua regia. Upon diluting the 

chloride solution a colored solution is obtained. is <^mp«ed 

with similarly prepared standards unless the opera or is 
the colors produced. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Nitric acid sp. gr. 1.42. 

lpart?Ks"aSl^ 

strip of copper. Cool and add a few drops of acetic acid. 

• J. Chem. Met. Min. Soc. S. AMra, 4, 235. 455. 
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4. Sodium sulfide, 3 N. 

5. Potassium hydroxide, 6 N. 

6. Potassium cyanide, 5 per cent. 

7. Stannous chloride. 10 per cent solution in dilute hydrochloric 
acid. 

8. Zinc dust. Use zinc dust that has passed a 200-mcsh sieve. 

Procedure.— Acidify a 200 cc. solution of the sample with hydro- 
chloric acid and boil for several minutes. Add a slight excess of the 
copper sulfate reagent and a few drops of sodium sulfide solution. 
Boil the mixture about 5 minutes, let the precipitate settle, decant the 
clear liquid through a filter, and dissolve the precipitate on the filter 
and in the beaker in 3 cc. of potassium cyanide solution made alkaline 
with a few drops of potassium hydroxide. To the alkaline cyanide 
solution add 2 grams of zinc dust, heat to 45° and keep at this tem- 
perature about 30 minutes. Decant the mixture through a filter, 
dissolve the excess of zinc in hydrochloric acid, and then extract the 
residue with 10 cc. of aqua regia, passing the filtrate back through the 
filter several times to insure complete extraction. Add 10 cc. of 
stannous chloride solution to the extract, mix, and compare the 
color with a series of standards similarly prepared. 

Note. — The solution of sample is first boiled several minutes with 
hydrochloric acid in order to decompose any cyanide present. 


ROSE’S METHOD FOR THE DETERMINATION OF GOLD ^ 

If a large volume of boiling water is poured into a stannous chloride 
solution, a yellowish white gelatinous precipitate of tin hydrates is 
formed. If the water contains a minute quantity of gold chloride the 
precipitate is colored purple (purple of Cassius). One part of gold per 
million parts of water will give at once a bright rose-colored precipitate 
when treated, in this way. One part of gold in 100 millions gives a 
bluish purple color, markedly different from the color of the precipitate 
obtained with distilled water. 

The method is good for the detection and estimation of gold in 
water and salts. Sea-water containing 1 part of gold in 20 millions 
shows a very distinct reaction. In this case the color is a black- 
rather than a purple-violet. 


^ T. K. Rose, Chem. News, 66, 271 (1892). 
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Reagents. 

1 Stannous chloride. Use a saturated solution of stannous 
chloride in water acidulated with hydrochloric acid just sufficient to 
prevent hydrolysis. 

2 Standard gold solution. Dissolve 0.00003 gram of gold (as 
chloride) in 3 liters of water. This solution contains 1 part of gold per 
100 million. 

Procedure.— The sample dissolved in 3 liters of water is heated to 
boiling and poured suddenly into a beaker containing 10 cc. of the stan- 
nous chloride solution, the two liquids being mixed as rapidly as pos- 
sible. Compare the color of the precipitate with standards prepared 
in the same way. The operator should soon be able to estimate from 
memory the colors produced by standard amounts of gold. 



CHAPTER XIX 


HYDROGEN ION ^ 

According to the theory of electrolytic dissociation, all liquids, of 
which water is a constituent, contain free H and OH ions. When the 
number of H ions exactly equals the number of OH ions, the solution 
is said to be neutral. If the number of H ions exceeds that of the OH 
ions, the solution is said to be acid. Conversely, if the solution con- 
tains an excess of OH ions, it is said to be alkaline. 

It is well known that acidity is due to the presence of H ions in a 
solution, the acidity increasing as the number of H ions increases. 
Strong acids are those which are highly dissociated in solution to give 
a large number of H ions. Weak acids are those which are but slightly 
dissociated in solution and, therefore, give relatively few H ions. 
For example, HCl is a strong acid and acetic acid is a weak acid. In 
titration 10 cc. of N/10 HCl and 10 cc. of N/lO acetic acid will, of 
course, each require 10 cc. of N/10 NaOH for neutralization. The 
number of H ions in N/ 10 HCl is, however, almost 70 times as great as 
the number of II ions in N/10 acetic acid. It is, therefore, readily seen 
that the H-ion concentration is not determined by simple titration. 
Since it is the H-ion concentration and not total acidity which is the 
controlling factor in the majority of chemical reactions, the impor- 
tance of making H-ion determinations is apparent. 

Pure distilled water will conduct an electric current to a very slight 
degree. This shows that a very small proportion of the water is dis- 
sociated into H and OH ions. By the Mass Law 
« 

Con centration of H ions X cone, of OH ions 
Concentration of undissociated HuO 

Since the amount of undissociated water is relatively extremely 

^ The material in this chapter has been taken by permission from W. A. Taylor, The 
A B C of Hydrogen Ion Control, 4th cd., LaMotte Chemical Products Co., Baltimore, 
Md., 1928. 
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large, it can be taken as a constant, and the above equation, therefore 
becomes 

Cone, of H ions X cone, of OM ions = a constant. 

By electrical conductivity measurements, this constant has been 
found to be 1/100,000,000,000,000 or 10~^^ at It C. Since in pure 
distilled water the number of H ions is equal to the number of Oil ions 
each must have a concentration of 1/10,000,000 or 

The Hydrogen-ion Exponent Scale, or pK Scale.-In order to 
simplify and to emphasize the importance of hydrogen-ion concentra- 
tion, Sorensen 2 proposed using the numerical values of the negative 
exponents of hydrogen-ion concentration, [II+], as the basis of a 
hydrogen-ion concentration scale and suggested the symbol Pjp . 
Clark later proposed using the simpler symbol, pE. Clark’s symbol 
will be used in this book. Since the pU value is the logarithm of the 
reciprocal of the hydrogen-ion concentration, [H+], the general rela- 
tion may be expressed as follows: 

/>H = iog,— or 

This method of expressing H-ion concentration has now been 
generally adopted. In the case of pure distilled water, in which the 
H-ion concentration is 0.0000001 or N/10,000,000, the pH value would 
therefore be the log of 1/0.0000001 or 10,000,000, which is 7.0. 
This value 7.0 is, therefore, the neutral point on the scale. 

The Scale 

ACID Nl'C'I'RAr. ALKALINE 

etc. .5.6, 5.8 6.0, 6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7,4, 7.6, 7.8, 8.0, 8.2, 8.4, etc. 

It will readily be seen that pH values below 7.0, such as 6.0, 5.0, 
etc., will denote acidity, the degree of acidity increasing as the numbers 
decrease. For example, if a small amount of HCl is added to pure 
distilled water which has an H-ion concentration of 10~'^ or a pH value 
of 7.0, the acid will dissociate into positive H ions and negative Cl 
ions. The total number of H ions in the solution will, therefore, be 
greater than 10-“^, and the solution will therefore be acid. Suppose 
the H-ion concentration is found to be N/ 1,000,000. The pH value will 

* Biochem. Z., 21 , 131 (1909). 
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be the log of 1,000,000, which is 6.0. Similarly, if the H-ion concen^ 
tration is N/100,000, the pR value will be 5.0, etc. It should be remem- 
bered that, since we are dealing with logarithmic values, a solution 
having a value of 6.0 contains 10 times as many H ions as one hav- 
ing a pR value of 7.0. Similarly, a solution of 5.0 contains 100 times 
as many H ions as one of pR 7 .0. 

Since, by the Law of Mass Action 

Cone, of H ions X cone, of OH ions = a constant, 

it is apparent that as the H-ion concentration increases the OH-ion 
concentration must decrease, and vice versa. Even in a strongly alka- 
line solution there are, however, some H ions and, for the sake of sim- 
plicity, it is advisable to express both acidity and alkalinity in terms of 
pR values. 

From the fact that neutral water has an H-ion concentration of 
N/lO, 000,000, it is apparent that an alkaline solution must contain a 
smaller number of H ions. Let us assume that by adding a small 
amount of sodium hydroxide to pure water, we decrease the H-ion 
concentration to N/l 00,000,000. The pR value of this solution 
would be 8.0. Similarly, if the H-ion concentration is reduced to 
N/l, 000, 000,000, the ^H value would be 9.0. This shows why all 
values higher than 7.0 indicate alkalinity, the degree of alkalinity 
increasing as the numbers increase. It should be remembered here 
also that a solution of pR 9.0 contains 10 times as many OH ions as 
one of pR 8.0. 

It is therefore seen that the pR value is an absolutely accurate 
measure of the degree of acidity or alkalinity of a solution. By making 
these determinations, definite values are obtained which can be 
recorded and which can be duplicated exactly at any time by the same 
or different workers. We arc, therefore, not dependent on such vague 
and meaningless terms as slightly acid or alkaline, moderately or 
strongly acid' or alkaline, etc. 

The exact meaning of H-ion concentration and ^H values, and the 
derivation of the latter, can be made clear by a few concrete examples. 
An N/l 0 solution of hydrochloric acid is one that contains 3.65 grams 
of HCl or 0.1 gram of ionizable H per liter. Electrical conductivity 
measurements have shown that at 18° C. 91.4 per cent of the HCl is 
dissociated. This means that 91.4 molecules out of every 100 do not 
exist as molecules, but are split up into ions of H and Cl. The remain- 
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ing 8-6 per cent of course exist as molecules. If the HCl were com- 
pletely ionized, the N/ 10 solution would contain 0.1 gram of H ions per 
liter. Since, however, only 91.4 percent is ionized, it contains 

^ 4 y = 0.0914 gram of H ions per liter. The normality of this 

U.i A 

solution with respect to H ions is = N/ 10.94. The pR value of 

N/10 hydrochloric acid is, therefore, the logarithm of 10.94, or 1.04. 

An N/10 solution of acetic acid also contains 0.1 gram of ionizahle 
H Electrical conductivity measurements show, however, that at 
18 ° C. it is dissociated only to the extent of 1.36 per cent. Hence the 

hydrogen-ion concentration is X “ = 0.00136 gram per liter. 

This is equivalent to an N/735 solution of H ions. The pR value of 
N/10 acetic acid is therefore the log of 735, which is 2.86. 

Since the hydrogen-ion concentration of N/10 HCl is 0.0914 gram 
per liter and of the acetic acid 0.00136 gram per liter, the hydrochloric 
acid contains almost 70 times as many hydrogen ions as the acetic acid. 

Table XV will give the worker some idea of the relationship 
between the total acidity and pR value of a few common acids and 
bases. The pR values have been given for N/10 solutions and are 
rounded off to the nearest O.t , as this is sufficiently accurate for general 
work. Thus, the above value for acetic acid, pR 2.86, is given as 2.9 
in the table. 


TABLE XV 


IICl 

HsPO* 

CH3COOII 

HaCOs 

HjBOj 

CeHsOH 


Buffer Action.-It is clear from the above discussion that if the 
solutions which are encountered in chemical precedes, b-^^tmo ogica 
and pathological work, etc., were only 

and alkalies the pE value could be calculated from the titration 
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values and ionization constants. This is, however, seldom the case, 
as the solutions normally contain relatively indefinite quantities of 
other substances, and usually a number of unknown impurities. Many, 
and in fact most, of these materials have what is known as “ buffer 
action,” which is described by Clark as the resistance exhibited by a 
solution to change in pH. through the addition or loss of acid or alkali. 
This action can best be illustrated by means of an example. Pure 
water, as stated above, has a value of 7.0. If 1 cc. of 0.01 N HCl is 
added to a liter of pure water, the pH value will be changed to about 
5.0. Let us now consider a solution containing a mixture of sodium 
acetate and acetic acid. In this solution the dissociation of the acetic 
acid is very small: 

CH3COOH 1::; CHaCOO - + H+ 


The dissociation of sodium acetate is, however, large: 

CHaCOONa t:; CHaCXX)- + Na+ 

Now suppose we add a small quantity of HCl to this solution. It is 
immediately largely dissociated into H and Cl ions: 

HC1^H+ + Cl- 

We therefore have in solution H, Cl, Na and CH3COO ions. Acetic 
acid ionizes to only a very slight degree. This means that CHaCOO 
and H ions cannot exist together in solution to a very large extent. 
Therefore, the larger part of the H ions from the HCl will immediately 
combine with CH3COO ions to form undissociated molecules of acetic 
acid, and the H ion concentration or pH value of the solution will be 
only very slightly changed, if at all. If, on the other hand, NaOH 
is added to this mixture, it dissociates into Na and OH ions: 

NaOH;=^Na+ + OH- 

The OH ions' then react with the H ions from the acetic acid to form 
water. More acetic acid will then dissociate into CH3COO and H ions 
and the H-ion concentration will be practically the same as it was 
before. It will, therefore, be seen that considerable quantities of 
acids or alkalies may be added to solutions containing buffer salts 
without changing the pH value. Since this is true, it is clear that buf- 
fered solutions can be diluted with distilled water, even though the 
water shows a very acid reaction, without affecting the ^H value. In 
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fact, some solutions can be diluted as much as 1000 to 1. This is of 
importance in making determinations on very highly colored and tur- 
bid solutions. 

In general, the salt of any weak acid or weak base is a buffer salt. 
There are, therefore, very few solutions which are free from buffer 
action. lor example, the phosphates in raw sugar and culture media, 
carbonates in raw water, alum and rosin in paper sizing, etc., have 
buffer action. 

In order to bring out the importance of making pK determina- 
tions rather than determining the total acidity or alkalinity by titra- 
tion^ we shall consider a solution of raw sugar, which contains phos- 
phates as well as other buffer compounds. By the addition of small 
amounts of acid or alkaline materials, the total acidity or alkalinity is 
increased, and this additional acid or alkali is shown by titration. 
Since the solution is highly buffered, however, there will be practically 
no change in the value. Since it is the of the solution, that is, 
the amount of ionized acid, which determines the amount of inversion 
of cane sugar, the reason for determining the pR rather than the total 
acidity is apparent. The figures given below are actual detennina- 
tions which were made on liquors in a sugar refinery: 


Per Cent Acidity 
by Titration 

p\l Values 

Per (.'cnt Alkalinity 
by 'I'itralion 

/.II Values 

0.001 

6.5 

0 (M)1 

8.3 

O.OlO 

6.4 

0.003 

7.3 

0.005 

5.3 



0.005 

7 0 




In the first pair of figures, the acidity of the second liquor is just 
10 times that of the first one, as dctcmiined by titratian. I he /)H 
values of the two are, however, practically the same. In the second 
pair of figures both have an acidity by titration of 0.005 per cent, while 
the pn values show the acidity of the first to be much higher (in fact 
almost 100 times greater) than the second. ^ The third pair of figures 
shows even greater discrepancy. By titration the second solution is 
3 times as alkaline as the first. By pH measurements, however, the 
first is much more alkaline (10 times) than the second. While these 
figures represent measurements on sugar liquors, solutions from other 
processes show similar discrepancies. 
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Unbuffered Solutions.—From the above discussion it will be 
realized that no special precautions are necessary in making pH 
measurements on buffered solutions, since the addition of considerable 
amounts of acid or alkali can be made without affecting their pH value. 

Such is not, however, the case with distilled water or with unbuf- 
fered solutions, especially when their value is near the neutral 
point of 7.0. The fact that distilled water is one of the most difficult 
materials to test for is frequently overlooked. This is due to the 
fact that it is absolutely devoid of any buffering action, and is thus 
very susceptible to change during the test, for example, by the absorp- 
tion of carbon dioxide, etc. 

Pure distilled water is, of course, free from salts and has a pH value 
of 7.0 at 22° C. However, the reaction of ordinary distilled water is 
always acid, because of the absoq^tion of carbon dioxide. Water 
which has taken up carbon dioxide from the air until equilibrium has 
been established will contain about 0.3 per cent of CO 2 by volume, 
and the calculated pH should be 5.7. In fact, this is the value which 
is usually found in distilled water which has been freely exposed to 
pure air. Water from an efficient automatic still, when stored in 
closed non-soluble glass vessels, will have a of 6.0 to 6.4. If this 
water is boiled for a short time in a Pyrex vessel, and the vessel then 
fitted with a soda lime tube, it will usually have a pH of 6.6 to 6.8. 

When it is necessary to make a solution of an unbuffered material 
in order to determine its value, the water used should of course be 
as nearly neutral as possible, as any acidity of the water will affect 
the pH of the dissolved material. Water having a pH value of 6.6 
to 6.8 is satisfactory for this work. In making these solutions, the 
proportion of material to water should always be kept the same, so that 
different determinations will be comparable. It is of course equally 
true that the indicator solutions should have a neutral reaction, since 
any excess acid or alkali will likewise change the pH value of the 
material. 

These precautions are particularly important when the value 
of the material is near 7.0. Around this point small variations in 
hydrogen-ion concentration, due to absorption of carbon dioxide, etc., 
have a marked effect on the value. This effect is of course much 
less marked when we get below 6.0 or above 8.0. 

In making a test on distilled water or unbuffered solutions, the 
indicator and the material being tested should always be mixed in the 
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test tube by means of a stirring rod, with the minimum of exposure to 
air, and readings should be made at once. If this is done, reliable 
results will be secured with the colorimetric method. In fact, this is 
the only way in which such solutions can be tested for pR, since elec- 
trometric methods are very unreliable when applied to most unbuf- 
fered solutions. 


MAKING HYDROGEN-ION DETERMINATIONS 


Indicators. — The principle of making pR measurements is based 
on the fact that various indicators change in color when they are acted 
upon by solutions of different acidities or alkalinities. Litmus paper 
is probably the simplest and best known example of an indicator. Its 
color change is from red to blue. That is, if litmus paper is dipped 
into an acid solution, it turns red. If it turns only slightly red, we 
say the solution is “ slightly ” acid. If it turns deep red, however, we 
say the solution is “ strongly ” acid. Similarly, if the paper turns 
blue, we say the solution is “ slightly ” or strongly ” alkaline. These 
are very vague- and indefinite terms and their meaning varies enor- 
mously, depending largely on the personal opinion of the worker. Thus, 
what is “ slightly ” acid to one worker might be considered as 
strongly ’’ acid by another, and vice versa. 

In making measurements, we simply substitute definite pR 
values, such as 3.0, 6.0, 6.8, 7.4, 9.6, etc, for the indefinite terms 
“ strongly ” and “ slightly ” acid and alkaline. These pR values can 
be recorded and can be duplicated at any time by the same or dif- 


ferent workers. 

Theoretically, litmus and other test papers can be used for deter- 
mining the pR of a solution. In practical application, however, the 
error is too great. One of the chief reasons for the inaccuracy of litmus 
is that the range is so wide {pE 4.6 to 8.4) that the color changes are 
not distinct. It is practically impossible to tell the difference m the 
colors produced by solutions having />H values which differ by^ 1.0 
pR unit. In fact it has been shown in actual practice that solutions 
which specially prepared litmus indicated to be alkaline were really 
acid and vice versa, when accurate measurements were made on the 


same solutions. , u i. • 

Some other test papers are more sensitive than litmus, but it is 
very doubtful whether differences of less than 0.6 /-H can be detected 
by their use. Even this degree of accuracy is seldom obtainable, 
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is very difficult to obtain two batches of test paper which will give the 
same readings. Granting that a uniform paper can be obtained, we 
have no standards by which to judge. Thus a shade which would be 
considered as corresponding to a value of 6.0 by one worker, might 
be considered as 6.6 by another. Since variations as large as 0.2 
may be of serious consequence, the need for an accurate method is 
apparent. 

As stated above, litmus is very insensitive, partly because it covers 
such a wide range. In order to make accurate pW determinations it is, 
therefore, necessary to employ indicators with short ranges, so that the 
color changes are more distinct. This means that we need a number of 
indicators to cover the entire p\l range 1.2 to 13.6, A complete set 
of indicators, which were developed for just this purpose, are given, 
with their respective />H ranges and color changes, in Table XVI. 
This table should be studied carefully so that the worker is thoroughly 
familiar with the various indicators, for with this knowledge he will 
have no difficulty in understanding the following discussion. 


lABLE XVI 


Name 

p\\ Range 

Color Change 

Mctacrcsol purple 

1.2 2.8 

Red - Yellow 

LaMotte yellow 

2.6- 4.2 

Red - Yellow 

Rromphenol blue 

SO - 4 6 

Yellow - Blue 

Rromercsol green 

4.0 5.6 

Yellow - Blue 

Chlorphenol red 

5.2 - 6.8 

Yellow - Red 

Bromthymol blue 

6 0 - 7 6 

Yellow - Blue 

Phenol red 

6.8 - 8.4 1 

Yellow - Red 

Cresol red 

1 7.3 - 8.8 

Yellow - Red 

Thymol blue 

1 8.0 - 9.6 

Yellow - Blue 

Nitro yellow 

10.0 -11.6 1 

Colorless - Yellow 

Sulfo orange 

10.0 - 12.6 

Yellow Orange 

LaMotte violet 

12.0 - 13,6 

Red - Blue 


The color changes of the.se indicators are similar to that of litmus. 
For example, litmus is red in an acid solution (/?H 4.6) and blue in an 
alkaline solution {pK 8.4). Similarly, chlorphenol red has a yellow 
color at pU 5.2 and a deep red color at pR 6.8; bromthymol blue is 
yellow at pR 6.0 and deep blue at pR 7.6, etc. 

Rough Tests. — If the worker has no idea of the pR value of a 
given solution, it is necessary first to make a rough determination. 
To make the test, fill three or four graduated test tubes to the mark 
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(10 cc.) with the solution to be tested. To the first one add 0.5 cc. of 
bromthymol blue indicator solution. This indicator is tried first since 
it has a range of 6.0-7. 6, and, therefore, covers the neutral point, 
7.0. Hence it is possible by means of this one indicator to deter- 
mine whether the solution being tested is neutral, acid, or alkaline. 
The color change of bromthymol blue is from yellow at 6.0 to a deep 
blue at 7.6. Therefore, if on adding this indicator solution, a color 
intermediate between yellow and deep blue is obtained, the pE of the 
solution lies between 6.0 and 7.6, and it is either neutral or very slightly 
acid or alkaline. In this case no further rough tests arc necessary. 

If, however, a yellow color is obtained on adding the bromthymol 
blue indicator solution, the of the solution is at least 6.0 and pos- 
sibly lower. This is due to the fact that pE 6.0 is the acid end of the 
range of this indicator. Even if the solution had a of 5.0 or 4.0, it 
would still give a yellow color with bromthymol blue. If then a yellow 
color is obtained, 0.5 cc. of the bromcresol green indicator solution, 
which, it will be seen by reference to the table, covers a more acid part 
of the range {pE 4. 0-5, 6), should be added to the second test tube con- 
taining the solution of unknown pE, The color change for this indi- 
cator is from yellow at pE 4.0 to a deep blue at pE 5.6. If, therefore, 
a color intermediate between yellow and deep blue is obtained in this 
test, the pE of the solution lies between 4.0 and 5.6. 

These two indicators do not cover quite all the values between 4.0 
and 7.6. Thus, if bromcresol green {pE 4.0-5. 6) gives a deep blue 
color and bromthymol blue (/>H 6.0-7.6) a yellow color, it is apparent 
that the pE of the solution lies around pE 5. 6-6.0, that is, within the 
range of chlorphenol red {pE 5. 2-6.8). Of course, only one indicator 
.should be added to each tube. That is, if bromthymol blue gives a 
yellow color, the bromcresol green must always be added to a fresh 
tube. If a yellow color is obtained with bromcresol green, the test 
should be repeated, using bromphcnol blue which covers a still more 
acid part of the range, 3.0-4.6, etc. 

If, on the other hand, on adding bromthymol blue indicator solu- 
tion in the first test, a deep blue color was obtained, the solution is 
alkaline and has a pE value of at least 7.6 and possibly higher. The 
test should then be repeated using thymol blue, which covers a more 
alkaline part of the range, pE 8.0-9.6. 

This procedure must, of course, be followed in determining the 
range required for any specific work, that is, a rough test must be made 
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on solutions from all steps of the process, in order to determine what 
equipment should be purchased. 

Accurate Measurements. — Let us assume that in the first rough test, 
that is, the one in which bromthymol blue indicator solution was added 
to the solution in the test tube, a color intermediate between yellow 
and deep blue was obtained. This would show that the of the 
solution lies between 6.0 and 7.6. It is now a question of determining 
the exact pR value. For this purpose a set of bromthymol blue color 
standards and some form of comparator are required.' A set of Brom- 
thymol Blue Color Standards consists of 9" standard tubes and one tube 
of distilled water, as shown in Fig. 43. 

The color standards for bromthymol blue are simply 9 tubes, con- 
taining 10 cc. of solutions of definite pR value, that is 6.0, 6.2, 6.4, 

6.6, 6.8, 7.0, 7.2, 7.4 and 

7.6, to each of which 0.5 
cc. of bromthymol blue 
indicator solution has 
been added. It is seen 
that these standards are 
made up in exactly the 
same manner in which 
the test was made, except 
that solutions of definite 
pR values were used. These color standards can be purchased 
and it is, therefore, not necessary or advisable for the worker to 
make them up for himself. 

The 9 tubes are labeled with the pR values of the various solu- 
tions which they contain. The tube marked pR 6.0 will have a yellow 
color and that marked 7.6 a deep blue color. The intermediate 
tubes, which arc marked 6.2, 6.4, 6.6, etc., will have colors intermediate 
between yellow and blue. 

All that is now necessary is to match the test sample with the 
standards. When a match is obtained, the pR value of the solution is 
read off directly from the standard with which it matches. 

If the rough test had shown the pR of the solution to lie between 
5.2 and 6.8, a tube of the unknown, to which chlorphenol red indi- 
cator solution has been added, must of course be compared with a set 
of chlorphenol red color standards. These are similar to the brom- 
thymol blue standards. Thus the tube marked pR 5.2 has a yellow 
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color and that marked pR 6.8 has a deep red color. The intermediate 
tubes have colors intermediate between yellow and red. Analogously, 
if the of the solution were found to be between 4.0 and 5.6, the tube 
to which the bromcresol green indicator solution was added must be 
compared with the bromcresol green color standards, etc. 

It will be seen above that the ranges of the various indicators 
overlap. That is, bromthymol blue covers the range pE 6.0 to 7.6 
and chlorphenol red the range 5.2 to 6.8. The values 6.0 to 6.8 
are thus common to both indicators. It is, therefore, clear that if the 
pE value of the solution which is being tested lies between 6.0 and 6.8, 
determinations can be made with both indicators. That is, the sample 
to which the bromthymol blue indicator solution is added is com- 
pared with the bromthymol blue color standards, and the one to 
which the chlorphenol red is added is compared with the chlorphenol 
red color standards. As almost all of the indicators overlap, it is 
usually possible to make determinations with two indicators and thus 
check results. 

The worker should, however, be warned against possible errors due 
to matching against the color standard on either end of any given set. 
Thus, a test sample may match the bromthymol blue standard pE 
7.6 and yet have a much higher pE value, due to the fact that pE 1.6 
is to the end of the range of bromthymol blue. In such a case the 
test should be repeated using phenol red. 

After a few actual detenninations have been made the above pro- 
cedure will be found to be very quick and simple. In fact the worker 
will quickly learn by experience which indicator should be used in 
each step of a process and can therefore make the comparison directly, 
without first making the rough test. 

Then, too, it is not always necessary to determine the exact pE of a 
solution. For example, suppose a solution is to be kept at a of 7 .8. 
By adding 0.5 cc. of phenol red indicator solution to a 10 cc. sample in 
one of the graduated test tubes, and comparing it with the phenol red 
color standard, pE 7.8, it can be detennined whether the solution is 
at the correct point, pE 7,8, or whether the pE is too high or too low. If 
the color obtained in the test sample is a lighter red than the 7.8 stand- 
ard, the is too low. Therefore alkali must be added until another 
test gives a match with the 7.8 standard. If, on the other hand, the 
color obtained is a darker red than the 7.8 standard, the pE is too high, 
and acid must be added to bring the solution back to the desired pE, 
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Procedure for using the LaMotte Block Comparator.— It is first neces- 
sary to make a rough determination of the pR of the solution to be 
tested, by the procedure given above. Let us assume that this test has 
shown the pR of the solution to lie within the range of brom thymol 



blue, pR 6.0-7. 6. A Block 
Comparator, Fig. 44, contain- 
ing bromthymol blue color 
standards would therefore be 
required to make an accurate 
measurement. 

First, remove the top of the 
case and use it as a comparator 
block. The six holes back of 


the slots in the side of this block 


will be designated as B, A, C 


and JS, D, F respectively, as 
jtjq 44 shown in Fig. 45. 

Fill three of the graduated 
test tubes to the mark (10 cc.) with the liquid to be tested and place 
them in the holes marked B, A and C. To the middle tube (^4) add 
0.5 cc. of bromthymol blue indicator solution from the bottle, by means 
of the graduated pipette and nipple, and shake the contents thoroughly. 
Place the tube of distilled water in the hole marked Z), and two of the 


color standards, differing by only 0.2 
pR, for example 6.8 and 7.0, in the two 
holes E and F. Look through the three 
pairs of tubes, holding them toward the 
light, and changing the color standards 
if necessary, until the central pair of 
tubes exactly matches either of the 
other pairs, or until the color through 
the central pair lies between the colors of 
the pairs on either side. Always make 


bag 



E D F 

Fig. 45. 


sure that the standards placed on either side of the ampoule of dis- 
tilled water differ by only 0.2 ^H, that is, 6.8 and 7.0, and 7.2, etc. If 
an exact match is obtained, the pR of the solution is read off directly 
from the standard with which the match is obtained. If, however, 
the color of the central pair of tubes lies between the colors of the pairs 
on either side, the pR value is taken as the average of the two. For 
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example, if it lies between 6.8 and 7.0, the value is taken as 6.9. The 
piece of etched glass which is placed over the slots on one side of the 
block is a great aid in making accurate measurements, as it eliminates 
the reflection of outside objects in the tubes. The block should 
be held so that the etched glass is on the side facing the source of 


light. 

If it had been found, by the first rough test, that the pB. of the solu- 
tion lav between pB.S.2 and 6.8, the dctennination would of course be 
made in an exactly similar manner, using a Block Comparator con- 
taining chlorophenol red color standards and indicator solution. 

As has been shown on page 209, since the pll ranges of practically 
all of the indicators overlap, it is usually possible to make determina- 
tions on a given sample with two different indicators and thus check 


the results obtained. 

The reason for the special arrangement of the tubes in the com- 
parator block, as illustrated in Fig. 45, is to eliminate any effects of 
color or turbidity in the sample which is being tested. For example, 
suppose that we are testing a green solution. We shall designate this 
green solution by G, water by W and the indicator solution by /. 
Referring to Fig. 46, the contents of the test tubes and color standards 
arc represented as follows, the various tubes being indicated by the 

same letters which are used in I' ig. 45. ... i 

To make this clear, the color standards may be considered as made 
up of water and imlicator solution, 'hhey do of course contain solu- 
tions of salts to give them definite /'ll b A C 

values, as described under “ Color Stand- - 
ards,” but, since the solutions of salts ^ 

from which they are made are clear and WWW 

colorless, they may be considered as ^ ^ ^ 

made up of only these two materials. 

It will be seen from Fig. 4fi 

each pair of tubes {B and E, A and £ d F 

D, C and F) contains the green 46 

solution C, indicator 

water W, the only nt 1 test tube, instead of to the 

added to the green solution in cen «Ue^ ‘ ’ , 

distilled water tube which is placed in that, 

tion is, however, the same m a 1 paus^ ^ "d, an Let match 

when the proper color standards have been insert . 
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must be obtained, since the observer is looking through exactly the 
same materials in each pair of tubes. 

It is also apparent that, in making the first rough tests to determine 
the approximate pR value, the color or turbidity of the solution may 
obscure the true color of the indicator. Thus, in testing the green 
solutions of nickel salts with bromcresol purple, which is the indicator 
that is used in regulating the acidity of nickel electroplating baths, the 
green color of the solution, of course, affects the color of the bromcresol 
purple indicator solution. In the first tests which are made it is, there- 
fore, sometimes necessary to make an actual determination with the 
color standards in order to determine which indicator covers the range 
of the solution which is being tested. After a few measurements, how- 
ever, the worker learns to recognize the characteristic colors which are 
given by the various indicators in his specific solution, and can easily 
tell the standards with which comparison should be made. 

Unless the solution is so dark or turbid that light will not pass 
through it, the pR can be determined directly by means of the Block 
Comparators. Most solutions which are so highly colored or turbid 
are, however, highly buffered, which means that they can be diluted 
without changing their pR value. In this way the color or turbidity 
can be decreased to such an extent that accurate readings can be 
made. In fact, color and turbidity can often be practically eliminated. 

Since solutions of this sort are met with from time to time, it is 
worth while to outline a procedure for determining how far a given 
solution can be safely diluted. As a rough test, place 20 cc. of the 
material to be tested in each of four beakers. To the first add 20 cc. of 
distilled water, to the second 50 cc., to the third 100 cc., and to the 
fourth 400 cc. Mix each thoroughly and determine the pR value of 
each. If all give the same value, dilution to this extent, that is, 20 to 
400 or 1 to 20, is allowable. In this case even greater dilutions may be 
tried, as some materials may be diluted as much as 1 to 1000 without 
changing the pR to any appreciable extent. 

If, however, it is found that dilutions of 20 to 20, 20 to 50 and 20 to 
100 give the same pR value, but the dilution 20 to 400 gives a different 
value, a few more mixtures should be made, such as 20 to 200 and 20 to 
300, in order to determine the largest allowable dilution. After this 
point is once determined for a given material this dilution can be used 
in future determinations. It is, however, safest to adopt as standard a 
dilution which is somewhat below the upper limit. 
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This same principle holds true in making determinations on solid 
materials. Such materials should be broken up or ground as finely 
as possible, and then dissolved or suspended in varying amounts of dis- 
tilled water, for example I to 2, 1 to 5, 1 to 10, 1 to 25, 1 to 50, etc. 
After allowing sufficient time for complete solution or extraction, 
determinations should be made and the results interpreted as outlined 
above for colored and turbid solutions. 

Although the of an unbuffered solution does change with dilu- 
tion, by always using the same proportions of the material and distilled 
water, for example, 1 to 10 or 1 to 20, a working value may be obtained, 
which is just as satisfactory for control work as if it were the real of 
the material. In such cases the distilled water used should, of course, 
have the same pK value in all detenninations. The precautions to be 
observed in making measurements on unbuffered solutions have been 


given on page 204. 

The Block Comparator is recommended for use where it is desired 
to cover only a short range, for example, that of one indicator, such as 
bromthymol blue. It is also useful for field work where it is necessary 
to cover a wider range. 

Three or four Block 
Comparators can easily 
be carried in a hand bag 
and furnish all the equip- 
ment necessary for mak- 
ing tests. More conveni- 
ent equipment is available 
for work which requires 
the use of more than one 
indicator 

LaMotte Hydrogen-Ion 
Testing Set.^— Figure 47. 

The development of this 
complete, portable out- 
fit for the colorimetric 
determination of hydro- 

gen-ion concentration, according to the method of Brown, has revolu- 

» These sets are made in three sizes. They may be obtained from the LaMotte Chemi- 

cal Products Co., Baltimore, Md. 

* J. H. Brown, J. Lab, Clin. Med., 9, 239 (1924). 



Fig. 47. — LaMotte Hydrogen-Ton Testing Set 
(Model 5B). A single lest can be made in a few 
seconds. Only one droi) of material is needed for a 
test. Results are accurate to O.l pli. 
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tionized pK determinations in general bacteriological, biological 
and pathological, as well as general research and industrial work. 
Although this set was designed primarily for use where only small 
amounts are available for the test, its many advantages recommend 
its use in innumerable other cases, even though the material to be 
tested is plentiful. Actual practice has shown this method to be 
ideally suited for work with culture media, serums, urine, feces, gastric 
and duodenal contents, muscle juice, tissue extracts, milk, fruit juices, 
all other plant and animal secretions and extracts, clays, and innumer- 
able other materials. 

Recent work has demonstrated the special advantages of this 
equipment for sewage work, the testing of milk, control in the manu- 
facture of milk products, such as acidophilus and buttermilk, cheese, 
ice cream, etc. 

Procedure. — It is, of course, first necessary to determine the 
indicator whose range covers the pK value of the sample which is 
being tested. The procedure is exactly similar to that given above, 
except that the glass cells are used instead of test tubes. For example, 
place several of the cells on the plate and fill them with the material 
which it is desired to test. Add a drop of the bromthymol blue indi- 
cator solution to the first cell by means of the pipette and nipple. 
This will tell whether the material is neutral, acid, or alkaline. If it 
proves to be as acid as pK 6.0, that is, if a yellow color is obtained with 
bromthymol blue, add a drop of methyl red to the second cell, etc., 
until the proper indicator is determined. 

Let us assume that the pH of the sample being tested is within the 
range of chlorphenol red, that is, between pH 5.2 and 6.8. Nine of the 
small glass cells, shown in the vials, in the right-hand side of the case, 
are placed on the opal glass plate, directly under the 9 etched numbers 
covering the range of chlorphenol red, 5. 2-6.8. These cells are then 
filled with the corresponding buffer mixtures from the etched vials, by 
means of the pipettes and nipples. One drop of the chlorphenol red 
indicator solution is then added to each of these cells of buffer mixture, 
care being taken to hold the pipettes vertically, so that drops of the 
same size are placed in each cell. Since the indicators are in alcoholic 
solution, instant mixing takes place. This set of 9 cells then consti- 
tutes the color standards, and it will be seen that they are similar to the 
color standards which are used with the Block Comparator, except 
tha t they are made up in cells instead of ampoules. When once set up, 
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the color standards in the cells may be used for all determinations made 
during the day; the cells must however, be kept level full by adding a 
drop of distaied water from the vial from time to time, to replace that 
lost by evaporation. 

The material to be tested is then placed in another cell, below the 
row of standards, and a drop of the same indicator solution added. 
By sliding this cell along the plate, by means of the tweezers or the 
platinum loop, its color can be matched with the proper standard cell 
and the pE value read off directly. Measurements made with these sets 
have been shown to check with extreme accuracy those made on the 
same solutions by means of the hydrogen electrode. 

All cells should be filled so that the surface is level, that is, neither 
concave nor convex, since this eliminates shadows and makes the color 
uniform throughout. 

It is apparent that unless the material being tested is practically 
clear and colorless, an exact match with the standards cannot be 
obtained, as the color or turbidity of the unknown would affect the 
color of the indicator when it is added. It is fortunately true, how- 
ever, that practically all of the materials in which bacteriologists, 
pathologists, biologists, etc., are interested, are highly buffered. It 
is therefore clear that the pli would not be changed by dilution with 
distilled water. 

This makes it possible to make a determination with an extremely 
small amount of material. For e.xample, a drop from one of the sam- 
pling pipettes or a loopful of the material is placed in one of the small 
cells, and the cell is then filled with distilled water from the vial. Dilu- 
tion to this extent does not change the pH value, but docs eliminate 
any effects of color or turbidity, so that an accurate match can be 
obtained. 

The degree to which a material can be diluted has been discussed 
under the Block Comparator,” page 212, and it is advisable for those 
who arc not familiar with this matter to read the discussion given 
there. 

In case the material to be tested is not highly buffered, as with 
water, the cell should be filled with the material. If, however, the 
unbuffered material is highly colored or turbid, the Block Com- 
parator should be used for making determinations. 

The fact that the ranges of the indicators overlap, as shown by 
Table XVI on page 206, makes it possible to check determinations with 
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two indicators. Thus, if a material which is being tested has a pR value 
between 6.0 and 6.8, it can be measured with both chlorphenol red 
(/?H 5. 2-6. 8) and bromthymol blue (/>H 6.0-7. 6), etc. This gives 
excellent facilities for proving the accuracy of the method. 


Some Applications of Hydrogen-ion Control. 


1. Acid zinc plating. 

2. Bacteriological work. 

3. Candy. 

4. Canning of food products. 

For detailed data on the value of various food products and other valuable 
information, see Bulletin No. 17-L. Research Laboratory, National Canners’ 
Association. 


5. Chemical analysis. 
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8. Dyes and pigments. 

9. Fermentation. 

10. Flour, dough and bread. 
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11. Gardening and farming. 

12. Gelatin and glue. 

13. General chemicals. 

14. Industrial wastes. 

15. Milk and milk products. 

16. Electroplating. 

17. Paper manufacture. 

18. Pathological work. 

19. Pharmaceuticals. 

20. Sewage disposals. 

For detailed information, see Proceedings of the Eleventh Annual Meeting of the New 
Jersey Sewage Works Association, 1926, and Wilson, J. Ind. Eng. Chem., 13, 406 (1921); 
ibid,, 14, 128 (1922); ibid., 16, 956 (1923). 

21. Sugar manufacture and refining. 

For detailed information on the importance of control in sugar manufacture and 
refining, see the excellent article of Blowski and Holven, Ind. Eng. Chem., 17, 1263 
(1925); or The Planter for March 6, 1926, p. 188. 

22. Tanning of leather. 

23. Water purification. 

24. Cleaning and laundry processes. 



CHAPTER XX 


IRON 

DETERMINATION OF IRON AS THE SULFOCYANATE (THIOCYANATE) 

Method of Stokes and Cain* 

This method is based upon the formation of ferric sulfocyanate 
when a sulfocyanate solution is added to a solution containing ferric 
ions. The intensity of the color of ferric sulfocyanate, although very 
peat, is extremely dependent upon the composition of the solution and 
is by no means proportional to the concentration. The red color is 
due to the undissociated salt and to its double compounds, the ionized 
salt being colorless. The salt is, further, very prone to hydrolysis. 
Many substances interfere markedly with the reaction, notably fluor- 
ides, phosphates, arsenates, oxalates, citrates, tartrates, iodates, and 
to a less but still marked degree acetates and sulfates, the action of 
. some of these being so strong that it is impossible to get the color even 
with considerable quantities of iron. In short, the intensity of the 
color is so influenced by the nature and concentration of the sub- 
stances present that unless the test solution and the standard solution 
with which it is compared have identical composition and concentra- 
tion, results varying many hundred or even thousand per cent from the 
truth may be obtained. 

Thompson^ was the first to propose the direct determination of 
iron by the color of the sulfocyanate in aqueous solution, but this 
method can only be used when it is possible to have the sample and 
standard solutions identical. Tatlock-'^ greatly improved* the method 
by extracting the ferric sulfocyanate with ether and comparing the 

' H. N. Stokes and ]. R. Cain, ]. Am. Chem. Soc., 20, 409 (1907); ibid., 20, 443. In 
writing this method the author was aided by Mr. J. R. Cain, who very kindly furnished 
an outline of what to rcpnMluce from the work of Stokes and Cain. 

* J. Chem. Soc., 47, 493 (18S5). 

* J. Soc. Chem Ind.. 6, 276, 352 (1887), based on Natanson’s [Ann. 130 , 246 (1864)1 
observation that the reaction is more sensitive when ether is used as solvent. 
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color with ethereal layers of the same volume and thickness con- 
taining known amounts of iron. The extraction, however, is never 
complete, and the less so, the more interfering substances are present. 
The method was improved and given a somewhat wider scope by 
Lunge and von Keler,^ but there are a number of features of their 
method which are not satisfactory. 

Stokes and Cain attribute the abnormal behavior of the color of the 
ether solution to the presence of peroxides. The color of the solution 
in ether that has been freed from peroxides by shaking with ferrous 
sulfate solution is pure pink or rose from the start; if, however, a drop 
of hydrogen peroxide be added, the solution becomes a dirty yellowish 
pink, which becomes pure after a time, with deposition of a yellowish 
solid between the two layers. This is probably pscudosulfocyanogen, 
which is formed by the action of the peroxide in the isodisulfocyanic 
acid which is present. (Note 1 .) 

The fact that ether gave discolored solutions led Stokes and Cain to 
try other solvents. Of the.se, amyl alcohol proved to be the most satis- 
factory, giving a perfectly pure color from the start, and being a decid- 
edly better solvent than ether for ferric sulfocyanate. A rather crude 
experiment with an intensely colored aqueous solution of ferric sul- 
focyanate, with excess of ammonium sulfocyanate and hydrochloric 
acid showed that ether left 3.7 times as much iron as was left by an 
equal volume of amyl alcohol. The relative efficiency doubtless 
varies with the composition of the solution, but the above figures show 
the decided superiority of amyl alcohol. Although Stokes and Cain 
later discovered a method of inhibiting the discoloring action of 
peroxides on sulfocyanates, they retained the use of amyl alcohol on 
account of its better solvent action, mixing it, however, with a certain 
proportion of ether. Amyl alcohol is somewhat too viscous to allow 
rapid separation. When mercuric sulfocyanate reagent is used, ether 
is a relatively still poorer solvent for ferric sulfocyanate and under 
certain conditions has the unusual property of forming three layers, 
the iron being mostly concentrated in the middle layer. These 
objectionable features are entirely obviated by using a mixture of 5 
volumes amyl alcohol with 2 volumes ether, and it is this mixture 
which is meant whenever the amylic layer is spoken of below. 

Stokes and Cain have shown that traces of iron cannot be accu- 

* Z. angew. Chem., 1894, 670; 1896, 3; Lunge, Chem. tedm. UnlcrAudumgsmcthodcn 
5te Aufl., 1, 385. 
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rately determined in the presence of large quantities of salts and have 
worked out methods of concentrating the iron into a small bulk, prac- 
tically free from interfering substances. These methods are described 
below. They also replaced ammonium sulfocyanate by free sulfo- 
cyanic acid, which may easily be prepared iron-free in a few minutes, 
and which serves as a solvent for the concentrated iron solution. This 
gives a solution of iron in a great excess of free sulfocyanic acid, prac- 
tically free from other substances, and thus in the most favorable con- 
dition for the complete conversion of the iron into undissociated 
ferric sulfocyanate. In order to prevent the gradual bleaching of the 
solution of ferric sulfocyanate and to avoid the necessity of previously 
oxidizing ferrous iron, a few milligrams of pure potassium persulfate are 
added to sample and standard solution. The persulfate also oxidizes 
sulfocyanic acid but this action is totally inhibited by adding to the 
acid enough mercuric sulfocyanate to form the double salt, 
lIg(SCN) 2 - 2 HSCN. (Note 2.) 

Reagents. 

1. Standard iron solution. 0.863 gram ferric ammonium alum and 
5 cc. concentrated sulfuric acid are dissolved to 1 liter. The solution, 
which contains 0.1 gram of iron per liter, may be kept indefinitely. For 
use 5 cc. arc diluted to 100 cc., giving a solution of which 1 cc. contains 
0.005 mg. iron. As the dilute solution hydrolyzes and deposits iron 
on the glass, it should be prepared fresh every day, and it is impor- 
tant that the measuring flask and burettes should be washed out with 
hydrochloric acid before using. Since persulfate is used in the cylin- 
ders the standard solution may equally well be made with the equiva- 
lent amount of ferrous ammonium sulfate, 0.702 gram per liter. 

2. Mercuric sulfocyanate. The commercial article which is pre- 
pared from the nitrate and which comes as a white or yellowish powder 
is not to be depended upon. It is better to prepare it by pouring a hot 
solution of the purest mercuric chloride (1 mole) into a solution of the 
purest ammonium sulfocyanate (1 mole). On cooling, the sulfocyanate 
separates out in the form of needles, which are washed with cold water. 
In this case it is necessary to use twice the theoretical amount of mer- 
curic chloride, otherwise no crystals are obtained. The excess of mer- 
cury is easily recovered by precipitation with aluminum scraps. The 
product is not entirely free from the double chlorine compound, but 
this exerts no prejudicial effect. While the yield from the nitrate is 



DETERMINATION OF IRON AS THE SULFOCYANATi: 


221 


better it contains some nitrate, which is undesirable because of its 
oxidizing action on sulfocyanic acid and, moreover, the nitrate is not 
as easily obtained free from iron. 

3. Sulfocyanic acid. One hundred parts coarsely powdered ammo- 
nium sulfocyanate, which need not be free from iron, are dissolved in a 
stoppered graduated cylinder in a cool mixture of 65 parts by weight of 
concentrated sulfuric acid with 100 parts water. These correspond 
approximately to the equation 

2NH.,SCN + II2SO4 + 21 I('X. 

TTere is a marked fall of temperature. After the volume has been 
noted, the solution is transferred without delay to a separating funnel 
and shaken out once with three-fourths its volume of amyl alcohol. 
We here notice the peculiar phenomenon that iron, if present, remains 
entirely in the acid layer, which is usually colored pink, while the 
amylic layer is colorless. In order to obtain this result, however, it is 
necessary to adhere to the proportions given. If a more concentrated 
acid is used, there is considerable decomposition of the sulfocyanic 
acid, while, if as much as an equal volume of amyl alcohol be employed, 
some of the iron passes over into the latter. The amylic solution, 
which is found by titration with silver nitrate to contain 20-21 per 
cent sulfocyanic acid, is unstable and soon becomes yellow, with ulti- 
mate deposition of isopersulfocyanic acid. It is, therefore, at once 
shaken out twice with an equal volume of water. Sulfocyanic acid 
distributes itself about equally between water and amyl alcohol; 
the first aqueous extract, therefore, contains about 10 per cent, and 
the second 5 per cent, or the united extracts about 7.5 per cent, while 
the amyl alcohol retains about 5 per cent, in which concentration it is 
relatively stable and may be kept or used for making a weaker aqueous 
acid; it gradually turns yellow from formation of isopersulfocyanic 
acid, but this is entirely retained on extraction with water. 

4. Sulfocyanic acid reagent. Seven per cent aqueous sulfocyanic 
acid freshly prepared as directed above is at once saturated with mer- 
curic sulfocyanate, somewhat more of the latter than is required to 
form the compound Hg(SCN)2'2HSCN being used, and the excess 
being left in the bottle. If treated with a small quantity of potassium 
persulfate the reagent should not impart the least yellow color to amyl 
alcohol, even after several hours. A slight trace of iron is occasion- 
ally observed, which comes from an impure mercuric salt. Small 
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amounts of this are of no significance in quantitative tests, as equal 
quantities of the reagent are used in each cylinder. The reagent 
appears to keep indefinitely, but in hot weather it is well to keep it in a 
cool dark place when not constantly in use. 

5. Potassium persulfate. This is easily obtained free from iron by 
a single rccrystallization, the hot concentrated solution being filtered 
and the crystals washed with a little cold water and carefully protected 
from dust. 

6. Amyl alcohol and ether. A good grade of iso-amyl alcohol, 
such as that sold by Kahlbaum, is sufficiently pure; it need not be free 
from pyridine. Five volumes arc mixed with 2 volumes of good ether 
(such as Kahlbaum’s 0.720). Since the discoloring action of the 
peroxides on sulfocyanic acid is entirely prevented by the use of mer- 
curic sulfocyanate, no special purification is necessary. 

Apparatus and Reagents Used in Concentrating.- -Only the best 
ashless filters should be used, and as even these often contain very 
appreciable ejuantities of iron they must be moistened in the funnel 
with 1 : 1 hydrochloric acid, allowed to stand at least fifteen minutes, 
and then washed with water to which a few drops of ammonia are 
finally added. Only Pyrex, Jena, Nonsol, or silica beakers or dishes, or 
platinum dishes should be used. For operations requiring long heat- 
ing, or when sodium hydroxide is used, platinum is employed. Small 
pipettes are used for transferring the reagents from the bottles, and 
pouring should never be resorted to, as the lips of bottles are almost 
invariably dirty. 

Reagents which are used in large amounts must be specially freed 
from iron; Stokes and Cain have therefore limited these to the smallest 
possible number and to those easily purified. Reagents that are used 
in very small amounts need not be specially purified, provided the 
amount of iron present is insufficient to affect the results. 

Ammonia. As even the best C. P. ammonia contains notable 
amounts of iron, it must always be redistilled. The washed ammonia 
gas is conducted into a cooled ceresine lined bottle containing water, 
in which it is kept. Only the best white ceresine should be used and 
care taken to coat the bottle uniformly up to, but not into, the neck. 

Hydrochloric Acid.- The best C. P. hydrochloric acid invariably 
contains iron; therefore, always use carefully washed hydrochloric- 
acid gas, prepared by dropping pure concentrated sulfuric acid upon 
pure ammonium chloride or concentrated hydrochloric acid. Rubber 
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tubing should be avoided as much as possible, and that which is neces- 
sary should be washed out with acid. When practicable, the gas is 
conducted directly into the solution; when aqueous acid is required 
it should be freshly prepared. 

Hydrogen Sulfide. -The use of hydrogen sulfide made directly from 
iron sulfide is inadmissible and may lead to gross errors. The gas is 
prepared by dropping acid into a sodium sulfhydratc solution. A 
stock solution of this is made by saturating 33 per cent sodium hydrox- 
ide with hydrogen sulfide and diluting four or five times before using. 

Ammonium Sulfide. — In general, the sulfhydratc is used and is 
always freshly prepared by saturating redistilled ammonia with 
hydrogen sulfide prepared as above. 

Bromine Water. — This reagent is used to oxidize arsenious and anti- 
monious oxides and to dissolve metals. As iron-free bromine and 
bromine water, kept in glass vessels, rapidly become contaminated 
with iron, the bromine water should be prepared as needed by drawing 
out a clean test tube so as to form a small retort, sucking in 2 or 3 cc. 
bromine by alternate warming and cooling, and distilling it over into 

water. 

Nitric Acid.-When more than 1 or 2 cc. is required, it should be 
redistilled from a small test-tube retort into a test tube placed in 
bpnlfpr of water 

Potassium Permanganate.- -A 1 percent sdutionof the best C. P. 
grade is used. It furnishes the manganese dioxide used as collector 
for ferric hydroxide, and at the same time serves to oxidize traces of 
organic matter which might hold it in solution. If not sufficiently free 
from iron, it may be purified by a manganese concentration. 

Cadmium Sulfate and Chloride.- These salts are used to supply 
the cadmium sulfide which serves as collector for iron sulfide, the 
chloride being used when barium, strontium, or calcium salts are pres- 
ent A one-fourth molecular stock solution is made, and freed from 
iron by making a manganese precipitation as described below The 
presence of a slight excess of permanganate m the solution has no 

prejudicial influence. . 

Sulfurous Acid, Ammonium Sulfite, Sodium or Ammonium for- 
mate in 1 Per Cent Solution and Alcohol are used in small quantities 
to reduce permanganate to manganese dioxide. They need not be 

specially purified. . . 

Sodium Potassium Tartrate is used to hold up alumina or chromic 
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oxide in concentrating iron from their salts. A 20 per cent stock solu- 
tion is made and freed from iron by a cadmium sulfide precipitation 
as described on page 232. The alkaline solution should be neutral- 
ized to prevent its action on the glass. 

Sodium Hydroxide is used in special cases and its 5 per cent solu- 
tion must be freed from iron by a manganese concentration. It 
should be freshly purified unless kept in platinum bottles. 

The Colorimeter. 'The use of the more elaborate and costly 
colorimeters, with lenses and prisms, is unnecessary, as the accuracy 
attained by the apparatus described below is quite sufficient, consider- 
ing the minute amounts dealt with, and the unavoidable errors in- 
volved in the methods of concentration and in working with traces of a 
substance so universally distributed as iron. Moreover, none of the 
instruments commonly in use enables one to employ an extracting 
liquid, as is done in the method of Stokes and Cain. 

Instead of graduated cylinders of equal diameters, provided with 
stoppers for the purpose of shaking, ordinary test tubes about 20 cm. 
long and 24-25 mm. diameter are used. These are carefully selected 
in pairs, with the aid of calipers. The cross-sections must be as nearly 
circular as possible and the diameters of the tubes in a pair should not 
differ by more than 0.1 mm. at corresponding heights, which would 
give a difference of 0.4 per cent in their readings. Each pair should be 
carefully numbered and for ordinary purposes one or two pairs are suf- 
ficient. The mixing of the liquids is very effectively accomplished by 
stirrers, one of which is provided for each tube. The stirrer consists of a 
thin glass rod, bent as shown in Fig. 48 (a), into the lower end of which 
is fused a short platinum wire, attached to a circular disk of platinum, 
slit radially and bent into the form of a propeller. When not in use the 
stirrer hangs from the edge of the test tube. It is essential to its proper 
functioning that the rod when not in use shall hang close to the side 
of the tube, so as not to interfere with vision; that the platinum disk 
shall almost, but not quite, touch the bottom, and that it shall work 
up and down easily. To exclude dust and prevent evaporation, it is 
well to provide each tube with a heavy, loosely fitting brass cap, per- 
forated to admit the tip of the burette and provided with a radial slit 
through which the stirrer may pass (Fig. 48 (b), A and B). 

In comparing the colors in the two cylinders it is necessary to look 
through them horizontally, and in order to avoid the effect of the cur- 
vature of the glass and of reflection from the inside of the tubes, they 
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are surrounded by black mantles through which vertical slits are cut on 
exactly opposite sides. The slits have a height of about li cm. and a 
width of j cm. in the side towards the observer and 1 cm. on the oppo- 
site side. Notwithstanding the curvature of the glass, slits of this 
width give a field of practically equal intensity, owing to the refractive 
action of the liquid. The mantle may be made by rolling thick black 
paper around the tube, and pasting the edges so that the mantle may 


(a) (c) i®) 



slip easily over the glass and yet retain its position through friction. 
Care must be taken that the centers of the slits arc exactly opposite, 
which can be determined by marking the position with the calipers. 
The two cylinders are mounted in vertical position, as near together 
as possible, in some form of dark box, such as is used in colorimetric 
work. Two 10-cc. glass stopcock burettes, carrying the standard 
iron solution arc so mounted that their tips project into the cylinders. 
In reading, look against a uniformly illuminated vertical sheet of white 
paper, placed at an angle of about 45° with a window, the degree of the 
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aiumination being regulated by the angle. As there is generally a 
marked difference in the color sensitiveness of the two eyes, it is neces- 
sary, in comparing, to shield or close one eye, the other being opposite 
the center of the instrument. Stokes and Cain observed that in the 
great majority of persons, the left eye is more sensitive to red, unless 
wearied. When much work involving the use of an extracting liquid 
is to be done, it is convenient to have the mantles made of brass 
instead of paper and to provide them with springs which will easily 
hold the cylinders in place, and to mount tliem side by side in a per- 
manent base. 

Mantles. — The two mantles are identical in every respect. They 
are made of 30 mm. brass tubing, of about | mm. thickness, giving an 
internal diameter of about 28| mm. The total height is 20 cm. 
(Figs. 48(c) and 48(c) and sections Fig. 48(d)). 

Slits. — Two pairs of slits are provided, for greater convenience in 
reading with varying volumes of liquid. Their length is 30 mm., the 
width on one side is 5 mm., on the other 10 mm. The opposite slits 
must exactly correspond in position and especial care should be taken 
that their centers are exactly opposite with respect to the axis of the 
tube; the edges are cut parallel and sharp, not rounded or beveled. 

Collars. — Each mantle has two thin brass sliding collars, of slit 
tubing, 35 mm, high, the object of which is to close or vary the height 
of the slits. They are lined inside with black paper and must slide 
easily. 

Guide Points. — Each mantle has 6 pairs of these, at equal distances, 
as indicated. Their object is to hold the cylinder exactly parallel to 
the axis of the mantle; it is therefore essential that they shall be 
exactly in line, parallel to the axis of the mantle, that they shall project 
into the tube exactly to the same distance, viz., about 1 J mm., and that 
they shall have sharp edges or points, not rounded or flat heads. They 
are made by inserting brass pins or pegs through the wall of the 
mantle. 

Springs. — These are intended to hold the cylinder in place against 
the guide points, and therefore parallel to the axis of the mantle. They 
arc made in pairs, as indicated in Fig. 48, by cutting and bending 
in a portion of the tube, and should hold a 25 mm. test tube filled with 
water firmly enough to stay in place, yet so that it can easily be shoved 
up or down with one hand. 

Mounting.— Each mantle is supported in a socket, such as is used for 
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microscope eyepieces, which is mounted on a brass plate 15 cm. X 10 
cm. and not less than 4 mm. thick, provided at one end with a handle 
for lifting. The mantles must turn easily in the sockets with one hand, 
and when mounted must be parallel and 5 mm. apart. 

Finish. — The whole instrument, except the inside of the sockets, 
and the portion of the mantles inside them, is coated dull black, within 
and without. 

In using the instrument, the narrow slit is turned towards the 
observer. In order to prevent reflection from the surface of the glass, 
the mantles are shielded by surrounding them with a box, made of 
thick black paper, open at top and bottom, 20 cm. high, 10 cm. deep 
and 7| cm. wide. In the front of this are cut two openings 4 cm. 
square, at heights corresponding to the slits; in the back at the same 
height arc two pairs of openings 4 cm. high and l| cm. wide, exactly 
coinciding with the slits in the mantles. When the shield is in place, 
the rear openings should be invisible from the front. It is also desir- 
able to have the two burettes mounted on a small clamp so that both 
can be raised or lowered at the same time. A convenient clamp is 
made by sawing two short pieces of brass tubing across, near the ends, 
and bending in the pieces so as to form springs. These tubes are 
soldered to a small vertical brass plate which is attached to a screw 
muff which supports it on a retort stand. The dimension of the clamp 
is such that the burette tips coincide with the centers of the cylinders. 
It is scarcely necessary to add that no iron is permissible, and that the 
apparatus should be kept free from dust. 

Method and Accuracy of Comparison.— The cylinders, which may 
be conveniently designated as the “ test ” and “ standard,’’ after charg- 
ing in the manner described below contain equal volumes of ether-amyl 
alcohol mixture and equal volumes of sulfocyanic reagent diluted with 
equal volumes of water and a few milligrams of potassium persulfate, 
and are therefore of identical composition and concentration, except 
that the “ test ” contains the iron and 2 or 3 mg. manganese and oxida- 
tion products of sulfocyanaic acid, an amount entirely too small to 
have any influence on the determination. (Note 3.) They are placed 
in the colorimeter and the colors are brought to equal intensity by 
carefully adding to the “ standard ” a sufficient amount of standard 
iron solution from the corresponding burette. (Note 4.)^ The dif- 
ference of the two burettes is then noted, and the process is repeated 
three, four, or more times by adding a few drops to one cylinder and 



228 


IRON 


bringing the other to match it. The average of the differences 
observed is the amount of standard iron equivalent to the iron sought. 
1 cc. = 0.005 mg. Fe. 

It is well known that extremely faint colors cannot be matched as 
well as those of somewhat greater intensity. With this method it is 
possible to determine to within a few per cent an amount of iron so 
small that it scarcely gives a visible color to the amylic layer. The 
amylic mixture is used in multiples of 5 cc. and the most favorable con- 
ditions appear to be when the volume used is roughly ten times the 
volume of the standard iron solution equivalent to the iron sought. 
Under these conditions the extreme differences between the readings 
should not exceed 5-6 per cent of the total iron present, a result which 
is much diminished by taking the mean of a series of readings. 

Lunge''* estimates that the permanganate method cannot be 
depended on to give results nearer than ±0.14 mg. Fe. This would 
mean an error of ± 1 per cent on 14 mg., or ± 5 per cent on 2.8 mg. 
It appears (from the experiments by Stokes and Cain) that the colori- 
metric method gives an error of less than ± 0.0001 mg. Fe, or ± 1 
per cent of 0.01 mg., the amount which is conveniently employed in 
the colorimeter. Since larger quantities of iron can be diluted to any 
desired extent without introducing an error of this magnitude, it fol- 
lows that the colorimetric method can be used to advantage up to 
about 0.014 gram in the absence of interfering substances; above this 
limit the permanganate method is more accurate. Where a special 
concentration of the iron is necessary, the error may be estimated on 
the basis of the results at ±0.0005 mg. in the more unfavorable cases, 
or ± 5 per cent of 0.01 mg. In such cases the colorimetric method 
would be applicable, with suitable dilution, up to about 0.0028 gram Fe. 

Concentration Methods. — The problem of separating a few ten- 
thousandths of a milligram of iron from several grams of material in a 
form suitable for determination in the colorimeter is one which must 
necessarily vafy with the nature of the material under examination. 
In all work with traces of iron it is necessary to exclude dust most 
carefully, especially where operations which consume considerable 
time are carried on. All utensils should be carefully rinsed with strong 
hydrochloric acid just before using; it is well to keep them under hydro- 
chloric acid when not in use, as far as practicable; all funnels and dishes 
should be kept covered with watch-glasses, which, when removed 

Z. angew. Chem., 1896, 3, 
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should never be placed on the table, but set concave side up, on small 
glass supports having three supporting glass points; reagent bottles 
should be kept covered with caps and the contents removed by pipet- 
ting rather than by pouring. 

Concentration by Evaporation,— When the material is volatile at 
a sufficiently low temperature and docs not attack the vessels the iron 
may be concentrated by evaporation. This method is applicable to 
hydrochloric, nitric, sulfuric, and acetic acids, ammonia and other 
substances of a similar order of volatility. Substances like ammonium 
sulfate or oxalate and oxalic acid cannot be so treated, as they attack 


the vessels appreciably. Concentration by evaporation alone is seldom 
sufficient for bringing the iron into a suitable form for colorhnetric 
determination. Even the purest acids and ammonia are likely to 
contain traces of colored substances which pass over into the amylic 
layer and so prevent accurate comparison. In general, after driving 
off the greatest part of the volatile material, or bringing to dryness and 
redissolving the residue in a few drops of hydrochloric acid, the iron 
must be precipitated by one of the methods given below. 

The vessels used for evaporation may be of platinum, porcelain, 
quartz, Pyrex or Jena glass. Except for ammonia and hydrofluoric 
acid, for which platinum should be used, this metal is unsatisfactoty. 
All platinum contains a small amount of iron, either present as an orig- 
inal impurity or derived from the tools used for working the metal or 
from materials which have been previously contained in the vessels. 
This is quite sufficient to cause an ai)prcciable error when acids or 
ammonium sulfide are evaporated. Berlin porcelain is better than 
platinum, and Pyrex and Jena glass superior to porcelain. Quartz is 
excellent, but unnecessary unless extreme accuracy is desired.^ ^ 

Evaporations should be made as rapidly as possible, to dimmish the 
time of action upon the vessel, and entirely out of contact with the 
external air, so as to avoid dust. It is inadmissible to use any form of 
apparatus in which the condensed liquid can run or drop back into the 
vessel. Stokes and Cain found the following form of apparatus entirely 
satisfactory: A circular disk of asbestos is placed upon a Chaddock s 
porcelain burner, and upon it is placed an inverted set of porcelain 
water-bath rings. Upon these rests a 9-inch funnel, the stem of whic 
is drawn out and bent down. Through the stem is forced a current o 
air which has been filtered by passing through a long tube senes of 
tubes filled with cotton. A bent calcium chloride tube filled with 
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cotton is directly connected with the stem of the funnel. The speed of 
the air current should be such as to prevent condensation in the stem 
of the funnel. The porcelain rings arc slightly inclined so that the 
condensed liquid running down the sides of the funnel drops off at one 
point into a beaker. The whole rests on a glass plate. By this means 
it is possible to evaporate 100-200 cc. concentrated sulfuric acid quietly 
and rapidly without danger of contamination from dust. Two hun- 
dred cubic centimeters distilled water, and 200 cc. redistilled ammonia, 
evaporated in this apparatus, gave no trace of iron. 

The ordinary hemispherical Jena glass evaporating dishes with flat 
bottoms do not well bear the strain of this treatment. A suitable dish 
95 cm. wide by cm. high is conveniently made by cutting off the 
lower part of an 800 cc. Jena Griffon’s beaker, and making a lip in it. 
The dish rests on the porcelain rings, leaving an air space between it 
and the asbestos. In some cases it is desirable to finish the evapora- 
tion on a steam-bath. For this purpose a Berlin porcelain steam-bath 
is used, with the same funnel. If the steam, as is likely, carries over 
water containing iron in suspension, it should be passed through a sep- 
arator, which is conveniently made of a large calcium chloride tube, 
half filled with beads and provided with an overflow for the water. 
Combustible liquids like acetic acid cannot be evaporated over the free 
flame and are evaporated cither on the steam-bath or on a small elec- 
tric hot-plate fitted up as above described. 

Concentration by Precipitation.— In by far the greater number of 
cases it is necessary to concentrate the iron by precipitation. An 
almost indefinitely small quantity of iron may thus be determined in 
an indefinitely large amount of material, the only limit being the solu- 
bility of the iron precipitate in the solution. It is obviously impossible 
to collect, on a filter, traces, say a thousandth of a milligram,' of ferric 
hydroxide or sulfide distributed through a considerable volume of an 
otherwise clear liquid. Stokes and Cain, therefore, employ the method 
which has been occasionally used successfully in other cases, of mechan- 
ically carrying down the precipitate by a relatively large amount of 
another precipitate, which, when practicable, is generated simulta- 
neously with the iron precipitate. We may designate this secondary 
precipitate as the “ collector.” Various substances suggest them- 
selves as collectors; their number is limited by the following consider- 
ations, A collector must be sufficiently insoluble, so that but a small 
amount of a possible impure foreign substance need be introduced; 
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it must be of such physical consistency as to enable it to carry down all 
suspended precipitates and must therefore be amorphous and floccu- 
lent, not granular or crystalline; it should not be gelatinous or other- 
wise difficult to wash out in the filter, neither should it be of such 
consistency as to run through the filter on washing; it must be easily sol- 
uble in 7 per cent sulfocyanic acid and must neither interfere with the 
ferric sulfocyanate reaction nor in the presence of mercuric sulfocya- 
nate impart a color to amyl alcohol, or, if it does not meet these require- 
ments, it must be capable of easy separation from the iron. Alum- 
inum hydroxide would be the ideal collector were it not for the fact 
that it dissolves slowly and imperfectly in sulfocyanic acid, and thus 
frequently prevents complete solution of the accompanying ferric 
hydroxide. Repeated experiments by Stokes and Cain showed that 
it is not to be depended on, and they have therefore employed it onh' 
in special cases where it was removed before final treatment of the pre- 
cipitate with sulfocyanic acid. The iron is i)recipitatcd either as 
sulfide or as ferric hydroxide. The hydroxide precipitation is employed 
in the absence of materials which have a solvent action, such as 
citrates, tartrates, sugar and many other organic substances, pyro- 
phosphates, arsenites, arsenates, antimonates, etc. The usual col- 
lector for ferric hydroxide is hydrated manganese peroxide. The 
sulfide precipitation is used when, from the presence of any of the 
just-mentioned substances, hydroxide would remain in solution. It is 
also used when other sulfides insoluble in ammonium or sodium sulfide 
are practically absent. The best collector for iron sulfide is cadmium 
sulfide. In this case the cadmium sulfide is redissolved and the iron 
reprecipitated as hydroxide with manganese dioxide as collector. In 
many cases the choice between the methods is optional. When there 
is reason to fear the presence of traces of organic matter, as in the case 
of materials which have been treated in wooden vessels in the process 
of manufacture, or when arsenic or other prejudicial substances may be 
. present, as in the cruder reagents, the sulfide method is ffiore accurate. 
For example, pure sodium chloride gave identical results by either 
method, while a sample of the best commercial chloride gave decidedly 
too low results with the hydroxide method. 

Special care is necessary in sampling the substance, and wherever 
practicable, duplicate determinations should be made on portions of 
the same solution, as it frequently happens that different samples, 
especially of crystallized subsUnces, taken from the same bottle show 
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widely varying results, owing to the irregular distribution of the 
iron. 

Concentration by Manganese Dioxide. — This is applicable in 
nearly all cases where substances which have a solvent action on ferric 
hydroxide, or more than traces of alumina and chromic oxide are 
absent. The amount and concentration of the substance operated on 
seem to be immaterial. Stokes and Cain often operated with as much 
as 50 grams and in solutions as strong as 20 per cent. If the solution 
is not precipitated by ammonia and contains no substances capable of 
reducing permanganate to manganese dioxide it is made weakly alka- 
line with ammonia, about 10 drops of permanganate are added and 
then 1 to 3 drops of a reducer, such as 1 per cent formate, sulfurous 
acid or occasionally alcohol, and the solution is then heated a few 
minutes until the manganese dioxide has separated in flocculent form. 
It is well to have a slight excess of permanganate. If the substance is 
one which is precipitated by ammonia, such as zinc, lead, cadmium, 
just enough of this is added to form a slight permanent precipitate, 
and the manganese precipitation is made as above. The precipitate is 
collected on a 5| or 7 cm. washed filter, and washed a few times with 
water. Two and a half cubic centimeters of the sulfocyanic reagent 
are placed in the beaker to dissolve the precipitate adhering to the 
sides and then dropped carefully around the top of the filter so as to 
dissolve the manganese dioxide and accompanying ferric hydroxide, 
the filtrate being run directly into the test cylinder. From 5 to 20 cc. 
ether-amyl alcohol are added (Note 5) according to the amount of iron 
present. The beaker is washed out with exactly 10 cc. water, which is 
poured carefully through the filter. The standard cylinder is charged 
with 1 \ cc. sulfocyanic reagent, 10 cc. water and as much ether-amyl 
alcohol as was used for the test. Finally, a few milligrams of potas- 
sium persulfate are added to each cylinder, and they are transferred 
to the colorimeter. 

For certain special modifications of the above method, see J. Am. 
Chem. Soc., 29, 427 (1907). 

Concentration by Cadmium Sulfide. — Cadmium sulfide is used as 
a collector for iron in the form of sulfide and is applicable in nearly all 
cases in which the substance under examination either gives little or no 
precipitate with ammonium sulfide, or one soluble in an excess. Its 
chief use is to remove the iron as sulfide from solutions which exert a 
solvent action on ferric hydroxide, and from aluminum and chromium 



DETERMINATION OF IRON AS THE SULFOCYANATE 


233 


salts. The following is the method of procedure in the simpler cases; 

To the cold solution contained in a Pyrex or Jena beaker, and which 
should not contain much free acid, arc added 2 cc, cadmium solution 
and then a slight excess of fresh ammonium sulfhydrate, or in case of 
sulfides soluble in an excess, enough to dissolve these. The liquid is 
allowed to stand in the cold for about half an hour, with frequent stir- 
ring, and the cadmium sulfide, which carries the iron, is then collected 
on a washed filter and washed a few times with water containing a 
little ammonium sulfhydrate. The precipitate cannot be directly 
treated with the sulfocyanic acid reagent, as much iron would be 
retained and much mercuric sulfide formed; neither can it, as Stokes 
and Cain have found, be dissolved in bromine water with satisfactory 
results. It is, therefore, dissolved by carefully dropping hot 1 : 1 
hydrochloric acid around the top of the filter, the solution and wash 
water being run back into the original beaker. The solution, which 
contains some free hydrogen suKide is treated as in a manganese con- 
centration, somewhat more than enough permanganate being added to 
oxidize the hydrogen sulfide first, and then ammonia, the manganous 
salt in alkaline solution acting as the reducer of the permanganate. In 
general, the manganese dioxide comes down at once in good form or on 
gentle heating. The precipitate is collected on the same filter, or if 
this contains a residue, on a fresh one, and is further treated as described 
under manganese concentration. In the case of tartrates, oxalates, 
and other organic substances interfering with the manganese concen- 
tration, traces of which remain in the cadmium sulfide precipitate, 
hot 1 : 1 nitric acid is used in place of hydrochloric acid, and the 
organic matter is destroyed in the filtrate by adding permanganate to 
the hot acid solution until the color is permanent, when the solution is 


made ammoniacal as before. 

For special precautions to be observed in particular cases, see J. Am. 
Chem. Soc., 29, 427 (1907). 

Solubility of Ferric Hydroxide and of Iron Sulfide.— -The accuracy 
of the above method depends upon the degree of insolubility of feme 
hydroxide in the weakly ammoniacal solutions of the various salts. 
In strong, hot, weakly ammoniacal solutions of certain salts, ferric 
hydroxide gave the following solubility data : 

100 grams NII.CI dissolved 0.0009 nv!. or 0.M13 mg. KeA 

100 grams NH.NO. dissolved 0.0009 mg. te or 0.0013 mg. te.O. 

100 grams (NHOrSO, dissolved none none 

100 grams NHiCiHjO, dissolved none none 
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These figures, which are possibly high, if anything, owing to the 
solvent action of the evaporating acid on the vessel, can lay no claim to 
accuracy, but they at least show that the loss through solubility will 
not affect the percentage result of a determination nearer than the 
seventh decimal place, and may therefore be set off against the slight 
sources of contamination through dust, solvent action of the reagents 
on the vessels, etc. 

Since determinations made by both of the above methods give prac- 
tically identical results, it may be concluded that the solubility of iron 
sulfide, like that of the hydroxide, is negligible. There are certain 
exceptions to this, especially in the case of stannic salts, but the reader 
is referred to the original literature. ^ 

Notes. 

1. Even the best grades of ether show traces of peroxide unless 
especially purified. A sensitive test for peroxide is to shake the ether 
with freshly reduced acidified ferrous sulfate solution to which has been 
added sulfocyanate. Ferric sulfocyanate is thus formed and is taken 
up by the ether. 

2. The gradual bleaching of solutions of ferric sulfocyanate has 
been noted by various observers and is referred to by Tatlock {loc. cit,) 
by Lunge {loc. cit), and by Marriott and Wolf.'^ This is a very 
usual phenomenon even in ethereal or amylic solutions, and it is 
not uncommon for two identical tubes, at first matching, to show 
a very marked difference within less than an hour. This fading, 
while it may be aided by the action of light, is due to the reduc- 
tion of the iron to the ferrous state by other substances than normal 
sulfocyanic acid. Chief among these is isodisulfocyanic acid, which 
is always formed when sulfocyanates are acidified, and which reduces 
ferric salts with great rapidity. Hydrocyanic acid and hydrogen sul- 
fide, both of which are decomposition products of sulfocyanic acid, 
may possibly also take part. Hydrocyanic acid reduces traces of ferric 
salts, which are reoxidized by persulfate. A weak solution of ferric 
sulfocyanate in water or amyl alcohol is decolorized on boiling for a few 
moments and hydrogen sulfide can be detected in the escaping vapors. 

The addition of a few milligrams of persulfate keeps the iron in the 

6 J. Am. Chem. Soc., 29, 427 (1907). 

Biol. Chem., 1, 451 (1906). 
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oxidized state, even in the presence of small amounts of hydrogen sul- 
fide or sulfurous acid. Its use, however, has one striking disadvan- 
tage. Like hydrogen peroxide, but less rapidly, it oxidizes sulfo- 
cyanic acid, forming a yellow substance which is taken up by the amyl 
alcohol, often rendering even an approximate comparison impossible. 
It appears that this yellow body does not proceed from normal sulfo 
cyanic acid itself, but from other substances, possibly the still unknown 
isosulfocyanic acid, which may accompany it in small quantity. Sul- 
focyanic acid freshly prepared by decomposition of its silver or mer- 
cury salt by hydrogen sulfide gives but little of the yellow body with 
persulfate. If, on the contrary, its 5 to 10 per cent solution has been 
allowed to stand for some time, or if a freshly acidified solution of a 
sulfocyanate be treated with persulfate, the amylic extract is always 
colored. Be the cause what it may, there is always enough of the yellow 
substance formed by persulfate to render an accurate comparison 
impossible. Even without persulfate a sulfocyanic acid which has 
stood for a few days always contains enough yellow substance to make 
it useless. 

The addition to the sulfocyanic acid of a sufficient amount of mer- 
curic sulfocyanate to form the double compound, Hg(SCN) 2 - 2 HSCN, 
not only totally inhibits the action of persulfate, but also preserves 
the acid indefinitely against injurious changes, while it does not appre- 
ciably diminish the sensitiveness of the reaction with ferric salts. The 
amylic solution has a perfectly pure color from the start and in the pres- 
ence of a trace of persulfate and occasional stirring retains its intensity 
of color absolutely unchanged for many hours. The addition of per- 
sulfate is necessary, as mercuric sulfocyanate does not prevent the 
fading of the ferric sulfocyanate. The introduction of mercury causes 
certain complications. These are treated in their proper places under 
the separation of iron from the various metals: See J. Am. Chem. 
Soc. 29 , 427 (1907). 

3. To one of two carefully matched cylinders was added the man- 
ganese dioxide from 0.6 cc. 1 per cent permanganate, about the quan- 
tity used in a concentration. Not the least change could be detected. 
After adding 40 mg. sulfuric acid to one of the matched cylinders, 0.14 
cc. standard iron solution had to be added to the same cylinder to 
restore equality. It therefore appears that as little as 40 mg. sulfuric 
acid may produce an error of 0.0007 mg. Fe. Since the sulfuric acid 
generated by the above amount of manganese does not exceed 1.2 mg.. 
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its influence is clearly too small to be detected, amounting to only 
perhaps 0.004 cc. standard solution. 

4. When the amount of standard added equals 1 cc., it is well to 
add an approximately equal volume of water to the “ test ” cylinder, 
so as to keep the volumes equal and counteract the unequal solvent 
action on the ether-amyl alcohol layer. 

If the concentration of the iron has been properly performed the 
quality of the colors will be identical. A yellowish cast in the “ test ” 
is due to faulty concentration, and an accurate comparison cannot 
then be made. 

As we read by looking through the amylic layer it is essential that 
this shall be perfectly clear and free from suspended water drops; the 
turbidity of the aqueous layer through suspended amyl alcohol is of 
no significance. If the stirring is properly performed the amylic layer 
becomes rapidly clear and the aqueous layer remains turbid. Whether 
or not this will be realized can be instantly told by observing the man- 
ner in which the separation occurs. If the churning be thorough, large 
globules will be seen on the upper surface, which will be seen to coalesce 
rapidly, after the manner of bubbles, leaving a perfectly clear amylic 
layer, while below, the mixture contains innumerable small drops which 
do not run together but gradually rise, leaving a turbid aqueous layer. 
If, however, the churning has been imperfect the large globules are at 
the bottom and run together rapidly, leaving a sharply defined surface 
and a clear aqueous solution, while above are seen small globules which 
gradually fall, leaving the amylic layer turbid. In general, the former 
effect takes place; if it does not, even with sufficient churning, it can 
be brought about by adding more water to each cylinder. 

5. The ether-amyl alcohol should be added before adding water, as 
otherwise there is likely to be a separation of mercuric sulfocyanate. 
The amount to be added can be judged by the color; it is better to add 
too little than too much, as more can be added later, if desired. If the 
amount of iron is very considerable, so as to require more than 5 cc. 
standard iron solution, the filtrate can be diluted in a measuring flask 
and an aliquot portion taken, a fresh portion of sulfocyanic reagent 
being used, 
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DETERMINATION OF IRON AS THE SULFOCYANATE 

Method of Mellor 

Like the preceding method of Stokes and Cain, this method makes 
use of an ether-amyl alcohol solution for extracting ferric sulfocyanate. 
It is recommended by J. W. Mellor* for the determination of iron in 
china clay. “ With some of the china clays exceptional manipulation 
is required. Twice as much Fe 203 may appear in the analysis as is 
actually present in the clay.” 

Reagents. 

1. Potassium sulfocyanate. Dissolve 97 grams of the pure 
salt (recrystallized) in water and make up to a liter. 

2 . Potassium aluminum sulfate. Fuse 0.05 gram AI 2 O 3 in 5 
grams of KHSO 4 , dissolve in water and dilute to a liter. 

3. Ether-amyl alcohol solution. Mix 5 volumes of methylated 
ether with 5 volumes of iso-amyl alcohol. 

4. Standard iron solution. Dissolve 0.0315 gram of ferric potas- 
sium alum, Fe2(S04)3-K2S04 -241120, in water, add 5 cc. of con- 
centrated sulfuric acid, cool, and dilute to a liter. Mix thoroughly. 
One cubic centimeter contains 0.005 mg. of FejOa. 

Procedure.— The clay is fused with KHSO 4 , the melt taken up in 
water, made up to a suitable concentration, and an aliquot part of 5 cc. 
put in one of two color comparison tubes. Add 5 cc. of potassium 
sulfocyanate solution and 10 cc. of ether-amyl alcohol solution, lo 
the other tube add 5 cc. of potassium aluminum sulfate solution, 5 cc. 
of potassium sulfocyanate solution, and 10 cc. of ether-amyl alcohol. 
Then run the standard iron solution from a burette into the standard 
tube, stirring gently after the addition of each 0.1 cc. Dilute the test 
solution every 1 cc. to the same volume as that of the standard. Make 
the comparison in a color camera. 

Notes. 

1. The ferric sulfocyanate. is taken up in the ether-amyl alcohol 
layer while interfering salts are retained by the water layer. 

2. No claim is made to such a high degree of accuracy as is attain- 
able with the method of Stokes and Cain. Mellor, however, recom- 
mends it as a satisfactory method for estimating iron in china clay. 

•Trans. Ceram. Soc. England, 8, 125 (1908-9). 
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DETERMINATION OF IRON AS FERRIC CHLORIDE IN CONCENTRATED 
HYDROCHLORIC ACID 

This determination is based upon the fact that ferric chloride gives 
an intense yellow solution when dissolved in concentrated hydrochloric 
acid. The color is of maximum intensity when the hydrochloric acid 
is about 28 per cent. 

Reagents. 

1. Hydrochloric acid. Thoroughly washed hydrogen chloride gas 
is collected directly in a cooled bottle containing distilled water and the 
solution diluted to 28 per cent HCl content. The gas is obtained by 
boiling concentrated hydrochloric acid or by dropping pure concen- 
trated sulfuric acid upon pure sodium or ammonium chloride. Rubber 
connections should be avoided, or at least thoroughly washed with acid 
before use. Water saturated with HCl at room temperature contains 
about 40 per cent of acid by weight. The specific gravity of the solu- 
tion is 1.20. 

2. Standard iron solution. Iron wire for standardizing volumetric 
solutions may be used. This wire usually contains from 99.5 to 99.8 
per cent of iron. Weigh an amount to contain exactly 1 gram of iron, 
dissolve it in nitric acid, add hydrochloric acid, and evaporate to dry- 
ness on a water-bath. Take up the residue in a little hydrochloric acid 
and again evaporate to dryness. Once more add hydrochloric acid 
and evaporate to dryness. By this repeated treatment with hydro- 
chloric acid, all of the nitric acid is driven off. To the final residue 
add a 28 per cent solution of hydrochloric acid to give exactly 100 cc. 
of solution and thoroughly mix. Ten cubic centimeters of this solu- 
tion are diluted to a liter with 28 per cent hydrochloric acid and 
thoroughly mixed. One cubic centimeter of the resulting solution 
contains 0.0001 gram of iron. 

Procedure.— Dissolve in a 28 per cent solution of hydrochloric 
acid a weight of the sample such that the final volume contains not 
more than 0.0001 gram of iron per cubic .centimeter and preferably less 
than half this amount. The solution is then matched in color against 
the standard iron solution by the method of balancing. If the sample 
is insoluble in hydrochloric acid, dissolve in aqua regia or nitric acid, 
and remove all nitrates by repeated evaporation to dryness with con- 
centrated hydrochloric acid, finally taking up the residue in a con- 
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vcnient volume of 28 per cent hydrochloric acid and balancing the 
resulting color against the standard solution. 

Notes. 

1. If a large number of analyses are to be made, the method of 
balancing should be used so as to economize with the concentrated 
hydrochloric acid required for diluting. 

2. Free chlorine does not interfere with the analysis, but oxides of 
nitrogen do. Hence, every trace of nitrate and oxides of nitrogen 
must be removed when nitric acid is used to dissolve the sample. This 
is only accomplished by repeated evaporation of the solution with 
concentrated hydrochloric acid. Anhydrous cupric chloride in con- 
centrated hydrochloric acid gives a yellow-colored solution similar to 
that of ferric chloride. Hence, copper must be removed by precipita- 
tion with hydrogen sulfide. In concentrations less than I in 20,000, 
cobalt and nickel do not interfere. Manganese has no influence on the 
test. Even large amounts of this element give colorless solutions in 
concentrated hydrochloric acid.'-^ 

DETERMINATION OF IRON AS SULFIDE 

When ammonium sulfide, or hydrogen sulfide and ammonium 
hydroxide, is added to a solution containing ferrous iron, the solution 
turns brown due to the formation of ferrous sulfide. The method may 
be used to estimate ferrous iron in the presence of ferric iron or to 
estimate the total iron. When the total iron content is desired, the 
ferric iron is reduced to the ferrous condition before adding the ammo- 
nium sulfide, or hydrogen sulfide and ammonia. 


Reagents. 

1. Hydrochloric acid. Thoroughly washed hydrogen chloride 
gas is collected directly in a cooled bottle containing distilled water. 
The gas is obtained by boiling concentrated hydrochloric acid or by 
dropping pure concentrated sulfuric acid upon pure sodium or ammo- 
nium chloride. Rubber connections should be avoided, or at least 
thoroughly washed with acid before use, 

2. Ammonium hydroxide. It is necessary to redistill the ammonia 
unless a “ blank ” test shows iron absent. The best C. P. ammonium 

® C. Hiittner, Z. anorg. Chem., 86, 341 (1914). 
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hydroxide is distilled and the washed ammonia gas collected directly 
in a ceresine lined bottle containing distilled water, the bottle being 
kept cool in ice cold water or cold running tap-water. Care must be 
taken to thoroughly line the bottle up to, but not into, the neck, and 
only the best grade of white ceresine should be used. 

3. Hydrogen sulfide. The gas is prepared by dropping acid into a 
solution of sodium sulfhydrate. The gas is washed by bubbling 
through a bottle containing water. The sodjum sulfhydrate is made 
by saturating a 33 per cent sodium hydroxide solution with hydrogen 
sulfide. This solution is diluted four or five times before using. 
Hydrogen sulfide obtained directly from iron sulfide should not be used 
on account of the danger of introducing iron into the test solution. 

4. Ammonium sulfide. The solution is freshly prepared as needed 
by saturating redistilled ammonia with hydrogen sulfide prepared as 
described above. 

5. Standard iron solution. Dissolve 0.7022 gram of ferrous 
ammonium sulfate, FeS 04 (NH 4 ) 2 S 04 * 6 H 20 , in freshly boiled dis- 
tilled water, containing 2 cc. of concentrated sulfuric acid, and sat- 
urated with pure hydrogen sulfide. Dilute to a liter, using water sat- 
urated with hydrogen sulfide, and thoroughly mix. The bottle must 
be tightly stoppered and must be recharged with hydrogen sulfide 
when the odor becomes faint. One cubic centimeter of this solution 
contains 0.0001 gram of ferrous iron. 

Procedure for Ferrous Iron. A sample of the test substance is 
taken such that it contains between 0.0015 and 0.0003 gram of iron per 
liter. One hundred cubic centimeters of the sample and 95 cc. of 
distilled water are each placed in a Nessler tube. Five cubic centi- 
meters of hydrogen sulfide water and 2 drops of ammonium hydroxide 
are added to each tube and the contents thoroughly mixed. The 
standard iron solution is then added drop by drop to the “ blank ” 
until the color approximately matches that of the test solution. The 
color of the tdst solution is brown, while the standard has a bluish- 
black tinge. A few drops of hydrochloric acid are added to dis- 
charge the color of the standard and then ammonia added drop by 
drop until the color reappears. The color is now a brown of the same 
tinge as that of the test solution. If necessary, add more standard 
iron sojution until the two solutions are matched. Should the stand- 
ard n(5w show a slightly different tinge from that of the test solution, 

^«L. W. Winkler, Z. anal. Chem., 41, 550 (1902). 
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decolorize with hydrochloric acid and retreat with ammonia as before. 
The color of both the standard and the sample should now be identical. 

Procedure for Total Iron. If the sample is a liquid, add a few cubic 
centimeters of hydrochloric acid, a pinch of potassium chlorate and 
evaporate to dryness on a water-bath; if a solid, dissolve in water or 
acid, add hydrochloric acid and potassium chlorate, and evaporate on a 
water-bath. Dissolve the residue in a little warm water acidified with 
1 or 2 cc. of hydrochloric acid and add 5 cc. of water saturated with 
hydrogen sulfide. Filter the solution to free it of particles of sulfur 
and dilute to 100 cc., 500 cc., or 1000 cc. Thoroughly mix and proceed 
with an aliquot part as directed above under “ Procedure for Ferrous 
Iron,” adding the ammonia drop by drop until the solution is just neu- 
tral to litmus paper and then two drops more. 

Notes. 

1 . The quantity of sample taken for the final matching should be 
such as to contain between 0.00015 gram and 0.0003 gram of iron. 

2. The following metals, whose sulfides arc colored, interfere with 
the analysis: Lead, silver, mercury, copper, bismuth, cadmium, 
arsenic, antimony, tin, cobalt, and nickel. The first nine of these 
metals may be removed in the usual way by precipitating in 0.3 N acid 
solution with hydrogen sulfide. The hydrogen sulfide should be 
prepared as described above under Reagents.” The iron may be 
separated from cobalt and nickel by precipitation as ferric hydroxide, 
filtering, and dissolving the hydroxide in a little dilute hydrochloric 
acid. It must be remembered that in the use of hydrogen sulfide 
the iron, if present in the ferric condition, is reduced; and before the 
precipitation with ammonia the iron must be oxidized to the ferric 
state. The iron may be oxidized, after removal of hydrogen sulfide 
if present, by boiling several minutes with a few cubic centimeters 
of nitric acid or bromine water. 

DETERMINATION OF IRON BY POTASSIUM FERROCYANIDE 

This determination is based upon the intense blue ferric ferro- 
cyanide (Prussian blue) formed when a solution of potassium ferro- 
cyanide is added to solutions of ferric salts. 

4FeCl3 -f 3K4Fe{CN)o — > Fe4[Fe(CN)6]3 -f 12KC1. 
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It may be used to estimate ferric iron in the presence of ferrous iron, or 
to estimate the total iron. The reaction is an extremely delicate one 
and, hence, can be employed only for very low concentrations of iron, 
such as are found in water, or “ traces ” of iron in salts. 

Reagents. 

1. Potassium ferrocyanide. Dissolve 5.0 grams of pure potassium 
ferrocyanide in a liter of water. 

2 . Standard iron solution. Dissolve 0.1404 gram of ferrous ammo- 
nium sulfate, FeS 04 (NIi 4 ) 2 S 0.4 * 61120 , in water containing 5 cc. of 
concentrated sulfuric acid, oxidize the iron with potassium perman- 
ganate, dilute to a liter, and thoroughly mix. One cubic centimeter 
of this solution contains 0.02 mg. of iron. If the results arc to be 
reported as Fe 203 , then use 0.1474 gram of salt per liter. This solu- 
tion contains 0.03 mg. of FeoOa per cubic centimeter. 

Procedure for Ferric Iron.— Adjust the solution to be tested, by 
evaporating or diluting, so that its iron content is approximately 0.002 
gram per liter. Measure out a 50 cc. portion, add 5 cc. of the potas- 
sium ferrocyanide solution, thoroughly mix, and compare the color 
with the standard, preferably by the method of balancing or that of 
dilution. The standard is prepared by adding 10 cc. of the potassium 
ferrocyanide solution to 10 cc. of the standard iron solution, diluting 
to 100 cc. and mixing. One cubic centimeter of this standard con- 
tains 0.002 mg. of Fc or 0.003 mg. of Fe 203 , depending upon which 
weight of salt was taken in making the standard iron solution. 

Procedure for Total Iron. — The procedure for determining the 
total iron content is the same as that for the ferric iron, except the solu- 
tion of sample is acidified with sulfuric acid and treated with per- 
manganate to oxidize the ferrous iron. The potassium ferrocyanide 
solution is then added and the color matched against the standard 
as directed in the previous procedure. 

DETERMINATION OF FERROUS IRON BY POTASSIUM FERRICYANIDE 

This method is based upon the formation of Turnbull’s blue (indis- 
tinguishable in color from Prussian blue) when solutions of ferrous 
salts and ferricyanide are mixed. 

3FeCl2 -h 2K3Fe(CN)6 Fe3[Fe(CN)6]2 + 6KC1. 
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Reagents. 

1 . Sulfuric acid, 6 N. Pour 1 volume of concentrated sulfuric acid, 
sp. gr. 1.84, into 5 volumes of distilled water and stir. Be sure the 
acid is iron-free. 

2. Potassium ferricyanidc. Dissolve 0.5 gram of pure potassium 
ferricyanide crystals and dilute to a volume of 100 cc. The solution 
must be freshly prepared. 

3. Standard ferrous iron solution. Dissolve 0.7022 gram of crys- 
tallized ferrous ammonium sulfate, FcS04(NH4)2S04 -61120, in a large 
volume of freshly boiled distilled water to which 10 cc. of 6 N H2SO4 
has been added, dilute to a liter and mix. This solution contains 0.1 
mg. of iron per cubic centimeter. It must be freshly prepared. 

Procedure. — “ Add 10 cc. of dilute sulfuric acid to 50 cc. of the 
sample, remove the suspended matter by filtration if necessary, and 
add 15 cc. of potassium ferricyanidc solution. Dilute to the mark in 
a 100 cc. Nessler tube with distilled water that has been freshly boiled 
and cooled. Compare the color developed in the sample with that in 
standards made at the same time from the ferrous iron solution, in this 
way: Place in 100 cc. Nessler tubes, in the following order, 75 cc. of 
distilled water, 10 cc. of dilute sulfuric acid, and 15 cc. of ferricyanide 
solution, and mix well the contents of each tube. Add various vol- 
umes of standard ferrous iron solution to several tubes, mix well, and 
compare immediately the resulting colors with that of the sample. ^ ^ 

Note.— Comparison of color developed in both sample and stand- 
ards must be made in matched Nessler tubes in the presence of equiva- 
lent concentrations of acids, immediately after the reagent is mixed 
with the solutions. The color is deepened by an excess of the reagent, 
is diminished by an excess of acid, and fades quickly on standing. 

DETERMINATION OF IRON BY SALICYLIC ACID 

Solutions of ferric iron are colored amethyst by the addition of 
,OH (1) 

salicylic acid, C8H4<^ while solutions of ferrous iron remain 

^COOH(2), 

colorless. This reagent, therefore, offers a means of estimating ferric 
iron in the presence of ferrous iron. By oxidizing the ferrous iron 

>■ Standard Methods of Water Analysis, 6th ed., p. 49. American PubUc Health 
Association, New York, 1925. 
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present, the method may also be used to determine the total iron 
content. 

Reagents. 

1. Salicylic acid. Use a saturated solution. 

2. Standard iron solution. Dissolve 0.0864 gram of ferric ammo- 
nium alum, Fe2 (SO4) 3 (NH4)2S04 *241120, in distilled water contain- 
ing 2 cc. of concentrated sulfuric acid, dilute to a liter and thoroughly 
mix. One cubic centimeter of this solution contains 0.00001 gram of 
Fe < 2 = 0.000014 gram of Fe 203 . 

Procedure for Ferric Iron. — If the substance is a solid, dissolve 
in 20 cc. of water an amount sufficient to have an iron content between 

0.00001 and 0.0002 gram; if a liquid, adjust the concentration by dilu- 
tion or evaporation to give a solution containing between 0.00001 
gram and 0.0002 gram of iron per 20 cc. Filter in case the solution is 
turbid, provided it is known that no iron is present in the suspended 
particles. In case the sample is insoluble in water, or only partly 
soluble, dissolve in hydrochloric acid, using as small an excess as pos- 
sible and then neutralize the excess with ammonium hydroxide. The 
total volume of the solution, after neutralization, should not be over 
20 cc. Now add 5 cc. of salicylic acid solution to the sample and com- 
pare at once the color with that of a standard iron solution, to which 
has just been added 5 cc. of the salicylic acid solution. Comparison 
should be made either by the method of balancing or the method of 
dilution. 

Procedure for Total Iron. — Dissolve the sample as directed in the 
“ Procedure for Ferric Iron,^’ slightly acidify the solution with sulfuric 
acid, and oxidize the ferrous iron with potassium permanganate. 
Then neutralize the free acid with ammonium hydroxide, add 5 cc. of 
salicylic acid solution and match the color at once with that of a stand- 
ard to which has just been added 5 cc. of salicylic acid solution. 

Notes. 

1. If more than 0.0002 gram of iron is present in the sample, the 
color produced by the salicylic acid is too intense for colorimetric 
work. With less than 0.00001 gram, the color is too pale for accurate 
comparison. 

2. The method can be used to estimate small quantities of iron in 
salts. The following substances interfere with the accuracy of the 
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analysis: phosphates, thiosulfates, sulfites, bisulfites, fluorides, and 
free mineral acids. When it has been necessary to use acid to dis- 
solve the sample, or when the solution of sample is acidified and oxi- 
dized with permanganate, the excess acid must be neutralized with 
ammonia before adding the salicylic acid. 

3. If the sample contains organic matter, heat to dryness with 
nitric acid, ignite, and dissolve the residue as directed for the solution 
of sample when organic matter is absent. Remember that after heat- 
ing with nitric acid, and igniting, the iron is in the ferric state. To 
insure complete oxidation in the final solution, however, it is advisable 
to treat the slightly acidified solution with a little permanganate, and 
then neutralize with ammonia. 

4. In neutralizing with ammonia, care must be taken not to add an 
excess. Should an excess accidently be added, precipitating the iron 
as hydroxide, make the solution slightly acid and then add, drop by 
drop, dilute ammonium hydroxide until the neutral point is just 
reached, 

5. The color produced by the salicylic acid and ferric iron fades 
fairly rapidly in the light. Hence the necessity of adding the salicylic 
acid to the sample and standard at the same time and comparing at 
once. The method of duplication is not to be recommended on 
account of the time required, during which fading may occur. For 
the same reason a comparison with a series of standards is not made. 

DETERMINATION OF IRON BY ACETYLACETONE 

Acetylacetone, CH3 ■ CO • CH2 • CO • CH3, gives an intense red color- 
ation with ferric salts, due to the formation of ferric acetylacetone, one 
of the hydrogens attached to the middle carbon being replaced by the 
metallic ion.’^ jn very dilute solutions the color is orange-red by 
transmitted light and yellow by reflected light. Stronger solutions 
give a deep red color by transmitted light and orange-red by reflected 
light. 

Reagents. 

1. Acetylacetone. A 0.5 per cent solution is made by diluting 
with water or weak alcohol freshly distilled acetylacetone. Two 
cubic centimeters of this solution will give an excess of acetylacetone 
for as large an amount of iron as can be determined by this method. 

** Combes, Compt. rend., 106, 868 (1887). 
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Acetylacetone is a colorless liquid, having a boiling-point of 137° C. 

2. Standard iron solution. Dissolve 0.1404 gram of ferrous ammo- 
nium sulfate, FeS 04 (NH 4 ) 2 S 04 -61420, oxidize the iron with potassium 
permanganate, and dilute to a liter. One cubic centimeter of the 
solution contains 0.00002 gram of iron. Standard iron solutions of 
various strengths may also be made by dissolving the purest iron wire 
in a few cubic centimeters of nitric and hydrochloric acids and diluting 
to the desired volume. 

Procedure. — The sample is treated on the water-bath with a few 
drops of sulfuric and nitric acids to remove any organic matter and 
to oxidize the iron. The amount of sample taken should be such as to 
contain between 0.00005 gram and 0.0006 gram of iron. If the whole 
of the sample is to be used, the acid must be removed by evaporation 
so that when it is diluted to 50 cc. in the Nessler tube the solution is 
only faintly acid. {Not acid enough to give the tube a pink tinge when 
viewed from the side. See Note 2.) If the iron content is high, so 
that it is necessary to dilute to 500 cc. or to 1000 cc. and to take an 
aliquot part, then it is not necessary to remove the small amount of 
acid. The sample, or an aliquot part of it, is transferred to a Nessler 
tube, 2 cc. of 0.5 per cent acetylacetone solution added, the tube filled 
to the mark with distilled water, and the contents thoroughly mixed by 
pouring back and forth into a clean beaker. This solution is then 
matched with a standard made by putting 2 cc. of 0.5 per cent acetyl- 
acetone into a Nessler tube, partly filling with distilled water and 
adding sufficient standard iron solution to match the sample after 
diluting to the mark with water and mixing. 

Notes. 

•1. The smallest amount of iron that can be detected with acetyl- 
acetone is 0.000003 gram. The largest amount that can well be esti- 
mated in a 50 cc. tube is about 0.0006 gram. The range of greatest 
accuracy is from 0.00005 gram to 0.0006 gram. With a tube contain- 
ing 0.00005 gram of iron, it is not difficult to detect a variation of 
0.0000025 gram, and for amounts of about 0.0004 gram a variation of 
0.00001 gram is easily detected. 

2. Very few of the common inorganic salts have any influence on 
the color when present in small amounts. Two-tenths of a gram of 
substances, which will furnish the following ions, have no effect on the 
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color: Na, K, Ba, Sr, Ca, Mg, Mn, Zn, Al, Hg, As, Cd, Pb, Cl, Br, 
SO 4 , NO 3 , and CIO 3 . Smaller amounts of copper, phosphoric acid, 
and silicic acid do not interfere. Dissolved carbon dioxide has no 
influence. Ammonia does not precipitate the ion, but the solution is 
colored yellow. This yellow coloration, however, does not prevent 
estimating the iron by its characteristic color. Oxides of nitrogen 
must be removed by boiling the concentrated solution, since they give 
a brown color with acetylacetone. Sodium and potassium hydroxides 
destroy the ferric acetylacetone, the iron precipitating as ferric hydrox- 
ide. Not more than one drop of any of the common dilute acids should 
be present at the final dilution in the Nessler tube. One drop of a 
strong acid added to the faintly acid solution is sufficient to weaken 
and change the color of the ferric acetylacetone. In no case must the 
solution when diluted to the mark in the Nessler tube be acid enough 
to give a pink tinge when viewed from the side. 

3. The color produced by ferric ions and acetylacetone in faintly 
acid solution is quite permanent. Solutions so dilute as to show only 
brownish or orange-red tinge by transmitted light and a yellowish 
tinge by reflected light showed no change in three weeks when com- 
pared with freshly made solutions. The color is slightly altered by 
strong sunlight. Small temperature changes have no appreciable 
effect on the color. Boiling will change the shade of color, but upon 
cooling the solution the original color reappears. 

4. The method of balancing cannot be used (without a calibration 
curve), since the color of ferric acetylacetone solutions does not vary 
uniformly with the height of the column of the liquid. For example, 
pouring out half of the solution from a filled tube will not leave a color 
equal to the color in a filled tube but containing the same amount of 
iron as is in the half filled tube. 

5. It is important for accurate work that the amount of free acid, 
the excess of acetylacetone, and the volume of the final solutions be 
the same in both the test solution and the standards. 

' 6. A series of standards of various strengths may be made from 
the standard iron solution and kept for continuous use. It is, of course, 
necessary to protect them from dust and direct sunlight. 

7. Conductivity measurements made by Hantzsch and Desch^^ 
indicate that in water solution ferric acetylacetone is only slightly 
dissociated. “ It is, however, largely hydrolyzed into ferric hydroxide 

“Ann., 323, 1 (1902). 
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and acetylacetone,” ^ ^ hence the necessity of having the concentrations 
of acid and acetylacetone, and the volume, the same in all color com- 
parisons. The purpose of the acid is, of course, to repress the hy- 
drolysis. 

8. Urbain and Debierne ‘ state that ferric acetylacetone is almost 
insoluble in water. Pulsifcr^® found a solubility of 1.5 grams per liter 
of solution. 

DETERMINATION OF IRON BY DIMETHYLGLYOXIME 

When an alcoholic solution of dimethylglyoxime, 

CHa C C -CHa 

NOH NOH, 

is added to a solution containing ferrous iron, a bright red color is pro- 
duced due to the formation of Fe(C4H7N202)2, one of the hydrogens 
attached to oxygen being replaced by an equivalent of iron. The iron 
is conveniently reduced by means of a little hydrazine sulfate, 
N2H4,H2S04. 

Reagents. 

1. Dimethylglyoxime. Saturate 95 per cent ethyl alcohol with the 
purest dimethylglyoxime. 

2. Hydrazine sulfate. Use the solid salt purilied by rccrystalliza- 
tion from its water .solution. 

3. Ammonium hydroxide. A 25 per cent solution of ammonia, 
obtained by diluting redistilled ammonia prepared as outlined on 
page 239. 

4. Standard iron solution. Dissolve 0.1404 gram of ferrous ammo- 
nium sulfate, FeS04(NH4)2S04-6H20, in distilled water containing 
5 cc. of concejitratcd sulfuric acid, oxidize with potassium perman- 
ganate solution, dilute to a liter, and thoroughly mix. One cubic 
centimeter of this solution contains 0.00002 gram of iron. If it is 
desired to report the results in terms of Fe203, then use 0.1474 gram of 
salt instead of 0,1404 gram. This will give a liter of solution contain- 
ing 0.00003 gram of Fe203 per cubic centimeter. If the standard is 

B. Pulsifer, J. Am. Chem. Soc., 26, 967 (1904). 

Compt, rend., 129, 302 (1899). 

** Loc. cit. 
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to be used for the method of balancing or that of dilution, it will be 
necessary to dilute to one-tenth of its concentration. This is con- 
veniently done by diluting 25 cc. of the standard (containing 0.1404 
gram of salt per liter) to 250 cc. One cubic centimeter of this solution 
contains 0.000002 gram Fe. If the standard contained 0.1474 gram of 
salt per liter, then 25 cc. diluted to 250 cc. will contain 0.000003 gram 
of Fe 203 per cubic centimeter. 

Procedure. — The sample should have an iron content between 

0.01 and 0.06 gram per liter. Take 50 cc. of the sample, add 1 gram of 
hydrazine sulfate, 5 cc. of the dimethylglyoxime solution, and heat 
to boiling. Then add 10 cc. of 25 per cent ammonia solution, con- 
tinue boiling a half minute, cool rapidly, and dilute to 100 cc. for com- 
parison. The color matching may be made by any of the four 
usual methods. 

Notes. 

1. The iron may be estimated with an accuracy of 0.5 per cent of 
the amount present in the solution. By concentrating or diluting, 
the iron content should be adjusted to between 0.01 and 0.06 milli- 
gram per cubic centimeter. The minimum amount of iron that can be 
detected is less than 0.00005 mg. 

2. The alkali and alkaline-earth metals do not interfere with the 
analysis. Magnesium may introduce a small error, if present in rela- 
tively large amount. Tschugaeff and Orelkin’^ give the following 
experimental results: 

I Solution contains 0.000848 gram Fe + 0.01995 gram Mg (as sulfate) per 100 cc. 

Il’ Solution contains 0.000606 gram Fe -H 0.03525 gram Mg (as sulfate) per 100 cc. 

III. Solution contains 0.000303 gram Fe -f 0.04987 gram Mg (as sulfate) per 100 cc. 


Fe PER 100 Cc. 


Present, Gram 

Found, 

Gram 

Per Cent 
Difference 

I. 0.000848 

0.000854 

0.7 

II. 0.000606 

0.000606 

0.0 

III, 0.000303 

0.000309 

2.0 


The analysis cannot be made in the presence of relatively large 
amounts of aluminum or zinc. 

”Z. anorg. Chem., 89, 401 (1914). 
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LEAD 

DETERMINATION OF LEAD AS THE SULFIDE 

When hydrogen sulfide, ammonium sulfide, or alkali sulfides are 
added to very dilute solutions of lead salts, the solutions are colored 
brown because of the presence of lead sulfide in colloidal suspension. 
Other metals whose sulfides are colored must be absent. Since col- 
loidal suspensions are very sensitive to electrolytes, the concentration 
of the latter must be kept as small as possible and the same in both 
standard and sample. The coagulating action of the electrolytes may 
be prevented (or very much reduced) by forming the lead sulfide in 
the presence of gelatin or sugar. 

Method A.— Formation of PbS in Acid Solution 

Reagents. 

1. Nitric acid, 6 N. 

2. Sodium acetate, 3 N solution. 

3. Sugar solution. Use a 50 per cent solution made from pure cane 
sugar. 

4. Gelatin solution. Use a 1 per cent solution of pure gelatin. 

5. Hydrogen sulfide. Make a fresh solution by saturating water 
with thoroughly washed hydrogen sulfide. (See page 240.) 

6. Standard lead solution. Dissolve 0.1599 gram of pure lead 
nitrate, Pb(N 03 ) 2 , in water, add a few drops of nitric acid, dilute to I 
liter and mix thoroughly. This solution contains 0.1 mg. of lead per 
cubic centimeter. 

Procedure. — If the sample Is a solid, weigh out an amount that 
contains between 0.005 and 0.25 mg. of lead, dissolve in 20 cc. of nitric 
acid, boil off the excess of acid, and dilute to 35 cc. If the sample is 
water, a measured sample containing between 0.005 and 0.25 mg. of 
lead is evaporated to a volume of about 35 cc. To the 35 cc. of solu- 
tion add 3 drops of sodium acetate solution, 2 cc. of 6 N nitric acid, 

2.50 
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10 cc. of 50 per cent sugar solution (or 1 cc. of the gelatin solution), 
dilute to 50 cc., and mix thoroughly. Then add 2 cc. of freshly pre- 
pared hydrogen sulfide solution and mix genlly by means of a glass 
plunger. Compare the color at once with that of a standard lead sul- 
fide suspension prepared along with the sample and under identical 
conditions as to concentration of reagents, order of mixing, etc. The 
comparison of color may also be made by the dilution and balancing 
methods. The standard lead sulfide solution is prepared by diluting 
10 cc. of the standard lead solution with about 700 cc. of water, and 
adding 200 cc. of 10 per cent sugar solution (or 20 cc. of 1 per cent 
gelatin solution), 3 cc. of sodium acetate solution, 40 cc. of 6 N nitric 
acid, 10 cc. of hydrogen sulfide, and water to make 1 liter. Mix 
thoroughly but gently. One cubic centimeter of this solution contains 

0.001 mg. of lead. 

If a number of determinations arc to be made, a set of permanent 
standards can be prepared by mixing in the proper proportions solu- 
tions of copper, cobalt, and ferric sulfates (or chlorides). These 
standards are matched against freshly prepared lead sulfide solutions 
and then sealed in glass cylinders. For the preparation of permanent 
standards from colored inorganic salts, see H. V. Arny and C. H. Ring, 
J. Ind. Eng. Chem., 8, 309 (1916). 


Notes. 

1. Since the lead sulfide is in colloidal suspension, the intensity 
and shade of the brown color will depend upon the number and size 
of the lead sulfide particles. Hence, it is necessary that the sample 
and standard sulfide suspensions be prepared under as nearly the same 
conditions as possible. The mixing should be carried out gently so as 
not to cause agglomeration of the lead sullide. 

2. The color of the sulfide suspensions will remain unchanged for 
at least half an hour if exposed to full daylight only when being com- 
pared. 

3. A few drops of nitric acid are added to the standard lead nitrate 
solution to prevent formation and precipitation of a basic salt. 

4. The analysis is hindered by the presence of a conaderable 
amount of iron. The latter cannot be removed by precipitation with 
ammonium hydroxide, since the ferric hydroxide will carry down a 
part or all of the lead. In case iron interferes, use the alkaline sulfide 
method on page 253. 
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5. The sodium acetate solution is added before adding the hydro- 
gen sulhdc so as to obtain a clear brown solution and not a turbid 
one. Allen’s “ Commercial Organic Analysis,” 4th ed., recommends 
clarifying the solution by passing it through a layer of animal charcoal. 
This must not be done, since 0.5 gram of charcoal may adsorb 1 mg. of 
lead. ^ 

6. The sulfates are used in preparing permanent standards since the 
color of ferric sulfate solutions does not vary with the temperature as 
much as solutions of the chloride. The ferric sulfate is conveniently 
prepared by dissolving ferrous sulfate, adding the requisite amount 
of sulfuric acid, a few cubic centimeters of nitric acid, and boiling until 
all the nitric oxide is expelled. A large excess of acid should be avoided. 

7. In standardizing a set of permanent standards by mixing solu- 



Fig. 49.— Cooper Hewitt Mercury Light. (Courtesy of D. Van Nostrand Co.) 


tions of copper, cobalt, and ferric sulfates (or chlorides), the judgment 
of several pairs of eyes on the agreement, both in color tint and in 
depth of color, should be obtained before sealing the glass cylinders. 

8. The Cooper Hewitt Mercury Light is excellent for the colori- 
metric determination of lead as the sulfide, where an artificial light is 
desired. “ The yellow shades appear yellowish-green and may be 
matched more readily than the yellows obtained by daylight.” Fig- 
ure 49 illustiates the type of light recommended by Scott for this 
work. 2 
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Method B.— Formation of PbS in Alkaline Solution 
Reagents. 

1. Sodium thiosulfate solution, 0.1 N. Dissolve 25 grams of sodium 
thiosulfate, Na2S2().3-5H20, in freshly boiled (and cooled) distilled 
water and dilute to a liter with boiled water. 

2 . Potassium cyanide solution. Dissolve 10 grams of potassium 
cyanide in water and dilute to 100 cc. 

3 . Ammonium hydroxide, sp. gr. 0.88, 

4. Potassium sulfide solution, 10 per cent solution. 

5. Standard lead solution. Dissolve 0.1599 gram of pure 
lead nitrate, Pb(NO;}) 2 , or 0.1831 gram of pure lead acetate, 
Pb(C 2 Ha 02 ) 2 -31420, in water, dilute to a liter and mix thoroughly. 
One cubic centimeter of this solution contains 0.1 mg. of lead. 

Procedure. -A 35 cc. solution of the sample is prepared as directed 
in Method A, page 250. Add 2 cc. of 0.1 N sodium thio.sulfatc and 
heat the solution to incipient boiling. Remove the flame and let the 
solution stand about 5 minutes. Then add at once 1 cc. of 10 per cent 
potassium cyanide solution and a slight excess of concentrated ammo- 
nia. Boil gently until the solution becomes colorless, add 5 drops of 
10 per cent potassium sulfide solution, mix gently, and compare at 
once with a standard lead sulfide suspension prepared under the same 
conditions and along with the sample. 

Notes. • 

1. Ferrous compounds, but not ferric compounds, are converted 
into a colorless (in dilute solution) compound, K 4 Fe(CN) 6 , which is 
not affected by alkaline sulfide. Theoretically, 1 mg. of iron requires 
7 mg. of potassium cyanide for conversion to potassium fcrrocyanide, 
but in practice about 25 mg. of the cyanide to 1 mg. of iron should be 
used. 

The ferric iron, if present, must be reduced to ferrous iron and the 
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precipitation of Fe(0H)2 must occur within the sphere of action of the 
KCN. The ferric iron is reduced by sodium thiosulfate according to 
the following reaction: 

2FeCl3 + 2Na2S203 -> 2Fea2 + Na2S40G + 2NaCl. 

2. Sodium thiosulfate is rarely pure as sold commercially, but may 
easily be purified by recrystallization. The carbon dioxide absorbed 
from the air by water decomposes the salt, with the separation of sulfur 
in the form of a finely divided precipitate. Freshly boiled distilled 
water which has been cooled out of contact with air should be used in 
the preparation of the thiosulfate solution. 

3. Where an artificial light is desired, the Cooper Hewitt Mercury 
Light is excellent. (See Note 8, page 252.) 
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DETERMINATION OF LEAD AS THE CHROMATE 

The method is based upon the yellow turbidity produced by 
adding potassium chromate to dilute solutions of lead salts. 

Reagents. 

1. Acetic acid, 6 N. 

2. Potassium chromate, 10 per cent solution. 

3. Standard lead solution. Dissolve 0.1831 gram of pure lead 
acetate, Pb(C2H302)2'3H20, in water, add a few drops of acetic acid, 
make up to 100 cc., and mix thoroughly. Dilution of 10 cc. of this 
solution to a liter gives a solution containing 0.01 mg. of lead per cubic 
centimeter. 

Procedure.— The sample should contain between 0.05 and 0.1 
mg. The sample, adjusted, by dilution or evaporation, to within the 
proper concentration, is placed in a Nessler cylinder and diluted to 
100 cc. Then add a drop of acetic acid and a drop of potassium chro- 
mate solution. If lead is present a turbidity appears slowly. After 
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Standing half an hour the turbid solution is matched against a standard 
similarly prepared. 

Notes. 

1. A considerable excess of the chromate must be avoided. 

2. The results are satisfactory for lead down to 0.02 mg., but 
is not recommended for lower concentrations. 

3. The alkaline earth metals must be absent. 
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DETERMINATION OF LEAD BY DIPHENYL CARBAZIDE 

The method depends upon the formation of a violet-colored solu- 
tion when 5-diphenyl carbazide in glacial acetic acid (Cazeneuve’s 
reagent) is added to a solution containing a small quantity of chromate. 
The intensity of the violet color is proportional to the amount of 
H 2 Cr 04 present. A measured quantity (an excess) of standard dichro- 
mate solution is added to the lead solution, the lead chromate removed 
by filtration, and the excess chromate determined in the filtrate. 

Reagents. 

1. Nitric acid, 6N. 

2. Sodium sulfide, 5 per cent solution. 

3. Sodium acetate. Use pure solid. 

4. Diphenyl carbazide reagent (Cazeneuve’s reagent). Dissolve 
0.4 gram of pure 5-diphenyl carbazide in 10 grams of glacial acetic 
acid. 

5. Standard potassium dichromate solution. Dis.solve 0.1420 
gram of pure K 2 Cr 207 in water, dilute to a liter, and mix thoroughly. 
One cubic centimeter of this solution is equivalent to 0.2 mg. of lead. 

Procedure.— The lead is precipitated in the usual way as PbS, 
filtered, the precipitate washed with 5 per cent Na 2 S solution, dissolved 
in boiling dilute HNO3, evaporated to dryness, and the residue heated 
to 130°-150° C. for 1 hour. Cool, dissolve the residue in 10 cc. of 
water, evaporate again, cool, dissolve the residue in 5 cc. of water, and 
add a crystal of sodium acetate to remove the last trace of nitric acid. 
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The neutral lead solution thus formed is added to 25 cc. of the standard 
potassium dichromate solution. Now add 0.1 gram of pure, finely 
divided asbestos, shake the mixture for 10 minutes, filter, and bring 
the filtrate up to 100 cc. with the washings. Mix thoroughly the fil- 
trate and test 5 cc. of it for excess of K 2 Cr 207 by adding 2 drops of 
nitric acid and 1 drop of diphenyl carbazide reagent. If an excess of 
K 2 Cr 207 was used to precipitate the lead, the solution turns violet. 
If an excess of K 2 Cr 207 was not added, evaporate total filtrate 
to dryness, and add it to another 25 cc. of the standard potas- 
sium dichromate solution, etc., as before and make a second test with 
diphenyl carbazide reagent. The excess K 2 Cr 207 is estimated by 
matching the intensity of the violet colored solution against that of a 
standard K 2 Cr 207 solution similarly treated with the diphenyl car- 
bazide reagent. The methods of balancing or diluting arc convenient. 
By subtracting the excess of K 2 Cr 207 solution from the total amount 
added the amount that reacted with the lead is obtained. 

Notes. 

1. The diphenyl carbazide reagent (Cazeneuve’s reagent) gives a 
stable violet color to the solution when 1 part of Cr is present in 10 
million parts of solution. 

2. If the K 2 Cr 207 solution were added to a neutral or even faintly 
acid solution of a lead salt, basic lead chromate of variable composition 
would be formed instead of neutral PbCr 04 . 

3. This method is applicable to the determination of small quanti- 
ties of lead in tinning baths, canned goods, and solders. [See Breteau 
and Fleury, J. pharm. chim. 10, 265 (1914)]. About 1 gram of the 
sample is fused in a crucible with a mixture of 3 grams of Na 2 C 03 and 
3 grams of pure S. Dissolve the Sn with boiling water, take up the 
PbS, CuS, and FeS with the smallest amount of HCl and Br water, 
boil, reduce the Fe completely by SO 2 , and add an excess of both KCN 
and KOH. Add Na 2 S to the solution. Only PbS will be precip- 
itated. The PbS is filtered, washed with 5 per cent Na 2 S solution, 
and estimated as given in the procedure above. The other constit- 
uents may be determined by the usual methods. 
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DETERMINATION OF LEAD BY HEMATIN 

Moffatt and Spiro^ describe a method for the colorimetric esti* 
mation of lead based upon the blue color obtained when 0.5 to 1 cc. of 
a hematin (0.5 gram per liter) solution is added to solutions containing 
small amounts of lead. The method is applicable to the determination 
of lead in drinking water. One part of lead in two million parts of 
solution can be recognized. Ou, Zn, and Fe should be absent. 

DETERMINATION OF LEAD BY ANILINE 

Morgan'* gives a simple method for the determination, in a semi- 
quantitative way, of lead dioxide in the presence of litharge based 
upon the oxidation of aniline to aniline purple. The method has been 
used successfully with rubber work where it is important to know the 
amount of oxidizing agent present. With slight alterations it is appli- 
cable to the detennination of oxidizing agents in general where they 
occur as impurity with non-oxidizing agents. 

Procedure. — About a 5 gram sample of litharge is boiled one 
minute with a solution of 2 grams of aniline hydrochloride dissolved in 
10 cc. of water and 5 cc. of concentrated hydrochloric acid. The solu- 
tion is cooled (to separate any Pb('l 2 ), filtered, and the filtrate com- 
pared with standards made by adding known amounts of Pb 02 to the 
aniline hydrochloride solution. 

Note. — Since the color reaction depends upon the oxidizing power 
of the dioxide only, it is not necessary to convert the litharge into lead 
chloride. 


DETERMINATION OF LEAD BY SODIUM BISULFITE 

This method''’ is based upon the milky turbidity produced when 
sodium bisulfite is added to a solution containing a small amount of 
lead. The reaction is said to be sensitive to 1 part of lead in 20 million 
parts of solution. • 

Procedure.— Fifty cubic centimeters of the sample are mixed with 
50 cc. of a 2 per cent solution of NallSOa. If a turbidity forms in a 
few minutes the lead content is about 1 part in a million. 

Note.— Cu, Ag, Ni, Fc, Al, Mg, and Ca have no influence on the 
reaction; Ba and Sn (especially stannous tin) should be absent. 

» Chem. Ztg. 31, 639 ( 1907 ). 

*J. Ind. Eng. Chem., 11, 105.5 ( 1919 ). 

' V. N. Ivanov, Chem. Ztg., 38, 450. 
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DETERMINATION OF LEAD IN URINE AND FECES 

Method of Kehoe, Edgar, Thamann and Saunders® 

This method was developed in the course of an extensive investiga- 
tion of the excretion of lead in the human subject. It is a modifica- 
tion of Fairhall’s chromate titration method,^ the final analysis being 
made colorimetrically by adding a 1 per cent solution of pure j-diphenyl 
carbazide in glacial acetic acid to an aliquot portion of the lead chro- 
mate solution obtained from the sample. The aliquot should not con- 
tain more than 0.4 to 0.5 mg. of lead, the best results being obtained 
with about 0.2 mg. 

Reagents. (See Note 2) 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Hydrochloric acid, 1:1. 

3. Hydrochloric acid, 1 : 2. 

4. Hydrochloric acid, 10 per cent (by volume). 

5. Nitric acid, sp, gr. 1.42. 

6. Nitric acid, 1:1. 

7. Acetic acid, 5 per cent. 

8. Ammonium hydroxide, sp. gr. 0.90. 

9. Sodium hydroxide, 25 per cent. Use sodium hydroxide free 
from iron and aluminum. 

10. Hydrogen sulfide. Use thoroughly washed hydrogen sulfide 
gas. Sec p. 240. 

11. Hydrogen sulfide water. Use a freshly prepared saturated 
solution containing 1 cc. of concentrated hydrochloric acid per liter. 

12. Potassium chromate, 1 per cent. 

13. Methyl red, 0.1 per cent. Dissolve 0.1 gram of methyl red in 
100 cc. of 95 per cent alcohol. 

14. Phenolphthalein. Use a slightly alkaline water solution. 

15. 5-Diphe‘nyl carbazide reagent. Use a 1 per cent solution of 
chemically pure 5-diphenyl carbazide in glacial acetic acid. 

16. Whatman filter paper No. 40. 7 cm. and 12.5 cm. 

17. Standard lead chromate solution. Dissolve 0.1560 gram of 
pure lead chromate in 200 cc. of 10 per cent hydrochloric acid, dilute to 
a liter, and thoroughly mix. Check the solution colorimetrically 

* J. Am. Med. Assocn., 87, 2081 (1926). 

^ J, Ind. Hyg,, 4, 9, (1922), 
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against standard potassium dichromate solution. One cubic centi- 
meter of the standard lead solution contains 0,1 mg, of lead. 

Procedure for Urine. As soon as the sample of urine is received, 
measure its volume and make ammoniacal. After standing for at 
least 12 hours, the sample is filtered on 18 cm. folded filter paper, 
care being taken that all of the precipitate is transferred to the filter. 
Without being washed, the filter paper is transferred to a silica or por- 
celain dish and, after being dried on a steam-plate, is ignited in an 
electric muffle furnace at a temperature not exceeding 600° C. When 
the organic matter has been completely destroyed, the residue is 
treated as follows; The ash is moistened carefully with distilled water 
and 5 cc. of concentrated hydrochloric acid are added, together with 
enough water to make the volume about 25 cc. The mixture is digested 
on a steam-plate and then filtered into a 400 cc. beaker, any residue 
being washed six times alternately with hot 10 per cent hydrochloric 
acid and hot water. (The filtrate in the beaker should contain all the 
lead. The residue is usually insignificant and may be disregarded.) 

The solution is neutralized by adding 25 per cent sodium hydroxide 
solution until a faint turbidity persists. If too much sodium hydrox- 
ide is added, the solution is treated with hydrochloric acid until it is 
perfectly clear and sodium hydroxide again added until a faint turbid- 
ity appears. In some cases addition of sodium hydroxide causes no 
turbidity, even after the sample is distinctly alkaline to methyl red. 
To avoid excess of alkali in these cases methyl red is added to all sam- 
ples. When the samples contain sufficient calcium phosphate to give 
the turbidity mentioned the reaction of the indicator is ignored. In all 
other cases the sample is made just alkaline. 

The solution is diluted to 300 cc. and after cooling, if necessary, is 
treated with hydrogen sulfide gas for one hour and allowed to stand 
overnight. The mixture is filtered on a 12.5 cm. Whatman No. 40 
filter paper, any precipitate being transferred to the paper by means of 
freshly prepared hydrogen sulfide water acidified with 1 cc. of con- 
centrated hydrochloric acid per liter. The paper and its contents are 
transferred to the beaker in which the sulfide precipitation was made, 
The sides of the beaker are washed down with 25 cc. of warm (1 ; 1) 
hydrochloric acid containing 10 drops of concentrated nitric acid, 
The mixture is digested with acid until all sulfides are dissolved and the 
paper thoroughly white. The solution is diluted to 50 cc. with hot 
water and is filtered, the residue being washed fifteen times with hot 
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water. To the filtrate (about 400 cc.) is added 4 drops of a solution 
of methyl red, to which it is made just alkaline with 25 per cent sodium 
hydroxide, then just acid with (1:2) hydrochloric acid, after which 
1 cc. of (1 : 2) hydrochloric acid is added in excess. This is diluted to 
300 cc. and after cooling is treated with hydrogen sulfide gas for one 
hour and allowed to stand overnight. 

Filter the mixture on a 12.5 cm. Whatman No. 40 filter paper, the 
precipitate being transferred to the paper by means of freshly pre- 
pared hydrogen sulfide water containing 1 cc. of concentrated hydro- 
chloric acid per liter. The beaker is washed carefully with this wash 
water and the filter is washed ten times. The sulfides are dissolved 
from the paper with from 10 to 20 cc. of hot (1 : 1) nitric acid, the 
solution being caught in the beaker in which the precipitation was 
made. The paper is washed fifteen times with hot water. The sides 
of the beaker and the inside and outside of the tube from the hydrogen 
sulfide generator are washed with hot (1 : 1) nitric acid. The solution 
is evaporated to 5 cc., diluted to 25 cc. with hot water, and filtered 
through a 7 cm. filter paper into a 150 cc. beaker. The beaker is care- 
fully washed with hot water and the filter paper is washed fifteen times 
with hot water. The filtrate and washings are evaporated to 25 cc. 
and neutralized with 25 per cent sodium hydroxide, /rcc from iron and 
aluminum, a slightly alkaline water solution of phenolphthalein being 
used as indicator. 

Make the solution faintly pink by adding alkali, add 5 per cent 
acetic acid until the color is just discharged, and then add 2 cc. of the 
acid in excess. Bring the solution to boiling and add 1 cc. of 1 per cent 
potassium chromate solution. Place the mixture on a steam-bath for 
one hour and allow it to stand in a wann place overnight. It is then 
brought to boiling, filtered on a 7 cm. ashless filter paper, the beaker 
being washed carefully with hot water, and the filter paper being 
washed fifteen times with hot water. Any residue is dissolved in from 
5 to 15 cc. of cold (1:1) hydrochloric acid, the paper being washed at 
once with cold water, the solution and washings being caught in the 
beaker in which the chromate precipitation was made. The sides of 
the beaker and the stirring rod are washed with cold (1 : 1) hydro- 
chloric acid. 

For the analysis an aliquot portion of the solution of lead chromate 
obtained above is taken, which should contain not more than 0.40 
to 0.50 mg. of lead, the best results being obtained with about 0.20 mg. 
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The sample is diluted to about 100 cc. in a Nessler tube, and an equal 
volume of water to which has been added a quantity of hydrochloric 
acid equivalent to that in the sample taken for analysis is put into 
another Nessler tube. Two cubic ccntmieters of diphenyl carbazide 
reagent are added to each tube. From the color which develops in 
the tube containing the sample, a rough estimate is made of the quan- 
tity of lead present, and an amount of standard lead chromate slightly 
smaller than this is added to the tube that is to be the standard. The 
colors of the two solutions arc compared, and standard lead chromate 
is added drop by drop to the standard tube until an exact match is 
obtained. 

Procedure for Feces. — Transfer the sample of feces to a silica dish 
and dry on a steam-plate to “ apparent dryness.” No attempt need 
be made to bring the feces to constant weight. The sample of dried 
feces is ashed in a silica dish in an electric mufilc at from 500° to 600° C. 
When the organic matter is apparently destroyed, the residue is moist- 
ened with water, acidified with hydrochloric acid and digested on the 
steam-plate for some time. The mixture is then filtered, the residue 
washed with hot dilute hydrochloric acid and hot water, and the filter 
paper and its contents returned to the silica dish in which the original 
ashing was done. After being dried on the steam-plate, the dish and 
its contents are returned to the furnace and ashed again at from 500° to 
600° C. The residue is treated with water and hydrochloric acid as 
before and, after being digested on the steam-plate, is filtered, the fil- 
trate being added to the first filtrate. The residue may contain traces 
of lead, and may be brought into solution with hydrofluoric acid and 
added to the main solution. However, the experience of Kehoe el al » 
showed that after careful washing the residue will not contain an 
appreciable quantity of lead and may be neglected. The solution 
obtained from the feces is diluted and neutralized with 25 per cent 
sodium hydroxide, exactly as described above in the procedure for 
urine. 

The remainder of the analysis is exactly like that described for the 
analysis of urine, except that the second hydrogen sulfide precipitation 
is repeated, a third precipitation being made exactly as the second. 
The precipitation as chromate and the colorimetric determination are 
made just as in the case of urine. 

• hoc. cit. 
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Notes. 

1. Obviously a standard colorimeter may be employed in place of 
the Nessler tubes. In any case, it is essential that the amounts of 
lead in the standard and the unknown be as nearly identical as pos- 
sible. 

2. Lead-free reagents must be employed throughout. It is possible 
to purchase them in the market, but they must be carefully tested for 
lead before being used. Pyrex glass beakers, flasks, wash bottles, etc., 
and soda glass funnels are satisfactory. For ashing feces and urine 400 
cc. opaque silica dishes may be used. The containers for the samples 
may be of soft glass. The following table shows the amount of lead in 
materials used in tests by Kehoe el al.:^ 

TABLE XVII 


Article 

Quantity 

Lead in Mg. 

Pyrex 

1 .0205 grams 

0.22 

Silica dish 

Nil 

Soft glass funnel 

1 . 4395 grams 

1 .2775 grams 

1 .0555 grams 
100 cc. 

50 cc. 

0 13 

Mason jar 

0,24 

Glass jug 

0,02 

Concentrated hydrochloric acid, specific gravity 1.19. . . 
Concentrated nitric acid, specific gravity 1.42 

Nil 

Nil 

Sodium hydroxide, 25 per cent 

200 cc. 

Nil 

Ammonium hydroxide, 28 per cent 

50 cc. 

Nil 

Whatman filter paper No. 40 

25 12.5 cm. 

0,03 

Munktell filter paper No. IF 

25-7 cm. 

Nil 



The data in the table show that the glassware employed contained 
traces of lead when considerable weights of it were decomposed with 
hydrofluoric acid and analyzed; but it appears that no appreciable 
lead can enter the samples from this source, since the amount of glass 
actually dissolved is extremely small. This is borne out by the fact 
that numerous blank determinations on reagents were obtained when 
the same glass and the same technique were used. 

3. The ordinary technique of good analytic work must be observed 
most scrupulously if satisfactory results are to be obtained in analyzing 
organic material for small amounts of lead. Precautions as to the 
cleanliness of the laboratory and the apparatus are essential. If 
• Loc. cit. 
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practical, no other work than the lead analyses should be carried out 
in the laboratory employed for the purj^ose. 

4. Fairhall ^ ^ has shown that ammonia precipitates practically all of 
the lead from urine, it being carried down with the alkaline-earth 
phosphates. The procedure is much more convenient than that 
involving the evaporation of the urine, and Kehoe el al. ^ ' have verified 
its adequacy. If it is in error at all, it is in the direction of giving 
slightly low results. 

J. Biol. Chem., 60, 485 (1924). 

" Loc. cil. 
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MAGNESIUM 

DETERMINATION OF MAGNESIUM BY THE BELL-DOISY REACTION 

This method is based upon the fact that various phenols do not 
reduce M0O3 but do reduce phosphomolybdic acid. Hydroquinone 
is the phenol selected for use in the method. The magnesium is sep- 
arated as magnesium ammonium phosphate and the latter converted 
into phosphomolybdate, which in turn is treated with the hydro- 
quinone and carbonate-sulfite solutions of Bell and Doisy, ^ and the 
resulting color matched against a standard. 

The method is applicable to the determination of small quantities 
of magnesium in urine, blood, tissue extracts, and incinerations. 

Reagents. 

1. Hydrochloric acid, 0.1 N. 

2. Ammonium hydroxide, 10 per cent. 

3. Di-ammonium hydrogen phosphate. 

4. Alcohol, 90-95 per cent. 

5. Ammonium molybdate. Dissolve 50 grams of ammonium 
molybdate, (NH4)2 M 0 O 4 , in a liter of N H 2 SO 4 . Five cubic centi- 
meters of this solution should give no color when treated with 5 cc. of 
(6) and, after 5 minutes, with 25 cc. of (7). If the molybdate contains 
phosphate it may be purified according to the method of Bell and 
Doisy. (See Note 1.) 

6. Hydroquinone. Dissolve 20 grams in a liter and add 1 cc. of 
concentrated sulfuric acid. 

7. Carbonate-sulfite solution. To 400 cc, of 20 per cent sodium 
carbonate add 15 grams of sodium sulfite dissolved in 100 cc. of water 
and filter. 

> R. D. Bell and E. A. Doisy, J. Biol. Chem. 44, 55 (1920); B. Kramer and F. F. Tisdall, 
ibid., 48, 1, 223 (1921); Bull. Johns Hopkins Hosp., 32, 44 (1921); A. P. Briggs, J. Biol. 
Chem., 52, 349 (1922); F. S. Hammett and E. T. Adams, ibid., 52, 211 (1922); ibid , 54, 
565 (1922). 
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8. Standard phosphate solution. Dissolve T.vSSS grams of potas- 
sium di-hydrogen phosphate, KIDPOi, in water, dilute to a liter and 
thoroughly mix. Preserve with CIIC1:{. One cubic centimeter con- 
tains 1 mg. of P. The weight of P found multiplied by 0.7838 gives 
the amount of Mg present in the sample. 

Procedure. — After precipitation of the calcium with ammonium 
oxalate according to Kramer and Tisdall,- pipette off 5 or 10 cc. of the 
clear supernatant liquid, put into a 25 cc. centrifuge tube, add, drop 
by drop, 1 cc. of di-ammonium hydrogen phosphate solution, and 
then 2 cc. of ammonium hydroxide, also added drop by drop. Thor- 
oughly scratch the sides of the tube and allow the mixture to stand 
overnight. The precipitate is then centrifuged off, washed twice 
with 10 per cent ammonium hydroxide and once with ammoniacal alco- 
hol, dried at 70° C., and dissolved in 10 cc. of 0.1 N hydrochloric acid 
in the tube. Transfer the solution to a 25 cc. volumetric flask. In a 
second 25 cc. volumetric flask place 5 cc. (0.05 mg. P) of the standard 
potassium di-hydrogen phosphate solution. To both flasks add 5 cc. 
of distilled water (phosphate-free), I cc. of the molybdate solution, 
and 2 cc. of the hydroquinone solution. After standing 5 minutes, 
add to each flask 10 cc. of the carbonate-sulfite solution. Dilute 
the solutions to 25 cc., mix thoroughly, and after 5 or 10 minutes com- 
pare in a colorunetcr. The amount of P found multiplied by 0.7838 
gives the quantity of Mg in the sample removed from the super- 
natant liquid from the calcium precipitation. 

Notes. 

1. If the ammonium molybdate contains phosphate it may be 
purified by dissolving 150 grams in a liter of water and adding the 
solution to a liter of a solution containing 375 cc. of concentrated nitric 
acid (sp, gr. 1.42), mixing, and then adding 200 grams of ammonium 
nitrate and allowing to stand for several days in a warm place. The 
precipitate is filtered off and the filtrate mixed with 2 volumes of alcohol 
and enough ammonium hydroxide added to leave the solution only 
slightly acid to litmus. The ammonium molybdate is filtered off in a 
few minutes, washed with 50 per cent alcohol, and dried. 

2. The magnesium determinations have a tendency to be a little 
low. 'I'his is due either to incomplete precipitation or to solution 


^ Loc. cit. 
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during washing, but with care the loss can be held to within about 
3 per cent.^ 

3. The carbonate-sulfite solution should not be over 2 weeks old 
and should have been kept in a tightly stoppered bottle. Fading of 
the color, which is due to oxidation of the sulfite to sulfate, is thus 
avoided, 

4. d'he separation of magnesium ammonium phosphate by centrifu- 
gation is preferable to filtration because the best acid-washed asbest os, 
or pulp made from the best grade of filter paper, contains sufficient 
phosphate, or other substances capable of giving the Bell-Doisy 
reaction, to yield a well-defined colorimetric test. ^ 


DETERMINATION OF MAGNESIUM BY SEPARATION AS MAGNESIUM 
AMMONIUM PHOSPHATE AND ESTIMATION OF THE 
PHOSPHATE AS PHOSPHO MOLYBDATE 

The method''’ depends upon the quantitative separation of the 
magnesium by precipitation as magnesium ammonium phosphate, 
dissolving the precipitate in nitric acid, and estimating the phosphate 
by comparing with a standard the yellow color developed upon adding 
ammonium molybdate solution. The color is proportional to the 
amount of phosphate present, and hence to the magnesium content. 
The method is applicable to the estimation of magnesium in water or 
in various substances containing a small amount of magnesium. 

Reagents. 

1. Nitric acid, sp. gr, 1.07. 

2. Ammonium hydroxide, 6 N. 

3. Ammonium hydroxide wash solution. Dilute 1 part of strong 
ammonia (sp. gr. 0.90) with 9 parts of water. The ammonia must be 
free from silica and, hence, only redistilled ammonium hydroxide 
should be used. 

4. Ammonium molybdate solution. Fifty grams of the pure salt 
are dissolved and the solution diluted to a liter. 

5. Standard phosphate solution. Dissolve 0.5043 gram of pure, 
freshly crystallized di-sodium hydrogen phosphate, Na 2 HP 04 - I 2 H 2 O, 
in water, add 100 cc. of nitric acid (sp. gr. 1.07), dilute to a liter, and 

® F. S. Hammett and E. T. Adams, J. Biol. Chem., 62, 211 (1922). 

* F. S. Hammett and E. T, Adams, J. Biol. Chem., 64, 565 (1922). 

® 0. Schreiner and W. S. Ferris, J. Am, Chem. Soc., 26, 961 (1904). 
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thoroughl}^ mix. One cubic centimeter of this solution is equivalent 
to 0.1 mg. of P2O5 or 0.0342 mg. of Mg. 

6. Standard colorimetric solution. Dilute 10 cc. of the standard 
phosphate solution (3) to about 80 cc., add 9 cc. of nitric acid (2) and 
8 cc. of ammonium molybdate solution (1), and dilute to 100 cc. 
Mix thoroughly and allow to stand 20 minutes. One cubic centimeter 
of this solution is equivalent to 0.01 mg. P2O5 or 0.00342 mg. mag- 
nesium, i.e., the amount of phosphorus as P2O5 is multiplied by the 
factor 0.342 to give the amount of magnesium present. The factor 
to represent the result in terms of MgO is 0.568. 

7. Ammonium oxalate. Saturated solution. 

8. Phosphate reagent. Di.ssolve 17.4 grams of di-potassium hydro- 
gen phosphate, K2HPO.1, and 100 grams of ammonium chloride in 
about 900 cc. of water, add 50 cc. of mnmonia (sp. gr. 0.90), and dilute 
to a liter. One cubic centimeter of this solution will precipitate 2.4 
mg. of magnesium. 

9. Filter paper. Use only silica-free paper. 

Procedure. — Measure out a sample which contains between 
0.00003 and 0.0001 gram of magnesium and dissolve if a solid. Make 
the solution faintly ammoniacal by adding 1 drop excess of 6 N ammo- 
nium hydroxide and add 2 or 3 drops of the ammonium oxalate solu- 
tion. Evaporate to dryness on a water-bath, cool, and add 1 cc. of 
the phosphate solution. Ilioroughly stir the precipitate and allow to 
stand 2 or 3 hours. Then wash down the sides of the dish with 5 cc. 
of ammonium hydroxide wash solution and filter ofT, on a small filter, 
the magnesium ammonium phosphate. Repeat washing the dish with 
successive small amounts of the wash liquid until all the precipitate 
has been transferred to the filter, finally washing down the filter until 
the filtrate measures about 50 cc. Wash the dish once with about 5 cc. 
of cold water, allowing the water to run through the filter in such a way 
as to wash it. Reject the washings and place a small beaker under the 
funnel. Add 5 cc. of nitric acid to the evaporating disli, thoroughly 
spread it so as to insure complete removal of any precipitate that may 
have remained on the sides of the dish and then pour the solution 
through the filter in such a way as to wet the whole of it. Wash the 
dish four or five times with hot water (about 5 cc. each time) and con- 
tinue washing the filter until the filtrate increases to about 45 cc. 
Cool the filtrate, add 4 cc. of the ammonium molybdate solution, dilute 
to 50 cc., mix, let stand 20 minutes, and compare the color with that 
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of the standard phosphate solution/ by the balancing or dilution 
method. 

Notes. 

1 . The yellow color which develops is at its maximum intensity 
after 20 minutes and, hence, the solution must be allowed to stand 
this period before making the comparison. If the color is too strong 
for direct comparison with the standard, an aliquot part is used. 

2 . Great care must be taken to add enough of the molybdate 
reagents. The 5 cc. of nitric acid and 4 cc. of ammonium molybdate 
solution given in the procedure are sufficient only up to about 0.0003 
gram of magnesium. When a second portion of these reagents is 
required (as indicated by the amount of precipitate or development of 
color), the solution is diluted with water at the same time so as to keep 
the concentration of the reagents the same, i.e., 5 cc. HNO 3 and 4 cc. 
of molybdate solution per 50 cc. of the solution. 

3. The 2 or 3 drops of ammonium oxalate solution are added before 
adding the phosphate reagent in order to prevent the calcium precip- 
itating as calcium phosphate. 

4. Silica gives a yellow color with the molybdate reagent as does 
phosphate and, hence, must be removed. In fact, the color produced 
by the silicomolybdates is even more intense than that of the phos- 
phomolybdates. Since an alkaline liquid is used throughout the 
procedure, dissolved silica will always be present and is removed in the 
rejected washings. The last washing must be made with pure water 
on account of traces of dissolved silica always present in ammonia water. 
Use only freshly distilled ammonia for preparing the wash solution. 

5. If the sample is a solid, it is dissolved in the smallest amount of 
nitric or hydrochloric acid possible and the excess acid removed by 
evaporation to dryness. The residue is dissolved in water and the pro- 
cedure continued in the usual way. Should the sample be a liquid, say 
a potable water, it may be necessary to concentrate by evaporation. 
The magnesium content of the sample should be between 0.03 and 
0.1 mg. 

6 . The standard phosphate solution is acidified with nitric acid in 
order to lessen contamination with silica from the glass bottle. 

7. Any coloring matter in the sample is entirely removed or 
destroyed during the procedure and, hence, has no influence on the 
final color comparison. 

* 0. Schreiner and B. E. Brown, J. Am. Chem. Soc., 26, 1463 (1904). 
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8. The method is applicable to natural water or to soil and plant 
extracts. The presence of other salts, in amounts likely to be present, 
has no influence on the accuracy of the method beyond the possible 
error of reading the colorimeter. 

The following results show the limits of accuracy of the method. 
They are taken from a list of 22 detenninations made by Schreiner and 
Ferris,^ and are representative. All the solutions contained (in addi- 
tion to magnesium) calcium and potassium sulfates, nitrates, and 
chlorides. 

TABLE XVIII 


Milligrams Mg 

Parts Mg per Million 
of Solution 

Present 

Found 

Present 

Found 

1.265 

1.311 

25.. 30 

26.22 

0 , 949 

0.984 

18.98 

19.68 

0.632 

0.610 

12.64 

12.20 

0.474 

0.490 

9.48 

9 . 80 

0.316 

0.313 

6. 32 

6.26 

0.190 

0.190 

3.80 

3 . 80 

0,063 

0.074 

1.26 

1.48 

0.025 

0.045 

0.50 

0.90 


Schreiner and Ferris also tested the elTiciency of the procedure 
in the removal of silica. All the solutions contained more than 5 parts 
of silica per million of solution, as well as salts of calcium and potas- 
sium. The following are representative results of S. and F.: 


l ABLlC XIX 


Milligrams Mg 

Parts Mg per Million 
of Solution 

• 

Present 

Found 

Present 

Found 

0.316 

0,316 

6.32 

6.32 

0.158 

0 147 

3.16 

2.94 

0.079 

0,088 

1 .58 

1.76 

0.040 

0.055 

0.80 

1.10 


’’ Loc. ell. 
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DETERMINATION OF MAGNESIUM AS THE OLEATE 

The method^ depends upon the formation of a pale yellow color due 
to a colloidal suspension of magnesium oleate. Since calcium produces 
a similar color, it must be removed. 

Reagents. 

1. Ammonium chloride reagent. Dissolve 100 grams of NH4CI 
and 9 grams of NH3 and dilute to a liter. 

2. Oleic acid reagent. Dissolve 2 grams of oleic acid and 0.5 gram 
of KOH in 600 cc. of 95 per cent alcohol and 400 cc. of water. 

Procedure. -A sample is taken which contains 0.008 to 0.1 mg. of 
MgO. Dissolve, if a solid, and treat the solution with 2 cc. of the 
ammonium chloride reagent and 1 cc. of the oleic acid reagent. Dilute 
the solution to 50 cc., allow to stand 2 hours, and then compare the 
color with that obtained with known quantities of magnesium. 

* A. Gregoirc and T, Sola, Bull. soc. chim. Bclg., 32, 131 (1923). 
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MANGANESE 

DETERMINATION OF MANGANESE BY OXIDATION WITH PERSULFATE 

The method is based upon the oxidation of manganese to perman- 
ganate, the permanganate ions imparting a pink to red color to the 
solution, depending upon the concentration. ‘ 

Reagents. 

1. Nitric acid or sulfuric acid, 6 N. 

2. Ammonium or potassium persulfate, C. P. solid. 

3. Silver nitrate, 0.2 N. 

4. Standard permanganate solution. The use of an old standard 
permanganate solution, whose iron factor is known, is recommended. 
To obtain the manganese factor, multiply the iron factor of the solu- 
tion by 0.2952. 

If a new standard is to be made up, dissolve 0.1438 gram of pure 
potassium permanganate in water and dilute to 100 cc. Thoroughly 
mix and dilute 10 cc. of the solution to one liter, after adding 10 cc. 
of dilute nitric acid. This solution contains 0.05 mg. of manganese per 
cubic centimeter. All water used in dissolving and diluting the 
potassium permanganate in the preparation of the standard should be 
distilled from alkaline permanganate and redistilled. 

Procedure.— A sample is weighed out according to its manganese 
content (see Note 1), dissolved in dilute nitric or sulfuric acid, and any 
silica present is filtered o(T and washed with a minimum of water. 
Add 10 cc. of the silver nitrate solution and crystals of ammonium or 
potassium persulfate suflicient to oxidize all the manganese to per- 
manganate. The solution contained in a comparison cylinder or a 
100 cc. volumetric flask is placed in a tall beaker of boiling water and 
allowed to remain until the maximum intensity of pink has developed. 
The solution is then cooled to room temperature under the water tap, 

^H. Marshall, Chem. News, 83j 76 (1901). 
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diluted to the mark, thoroughly mixed, and the whole of it, or an 
aliquot part, compared against a standard permanganate solution by 
the method of duplication, balancing, or dilution. For the balancing 
or dilution method, 100 cc. of the standard may be diluted to 500 cc. 
with freshly boiled and cooled water. This gives a standard solution 
containing 0.01 mg. of manganese per cubic centimeter. (See Note 8.) 

Notes. 

1. For a manganese content between 0.02 and 0.25 per cent, use a 
0.5 gram sample; for a content between 0.25 and 4 per cent, use a 
0.25 gram sample. When more than 4 per cent of manganese is pres- 
ent, a 0.1 gram sample is taken, or an aliquot part of its solution. 

2. Chromium is practically the only metal that interferes, and it 
only when present in considerable excess of the permanganate. When 
a large amount of iron is present, as in steel analysis, phosphoric acid 
is added to prevent its precipitation or the formation of a yellow color. 

3. The small quantity of silver nitrate is added as a catalytic agent 
in the oxidation by the persulfate. Without silver nitrate the oxida- 
tion is very slow and uncertain. Marshall “ discovered this catalyzing 
action of silver nitrate and suggested the following mechanism. The 
ammonium or potassium persulfate solution undergoes the following 
decomposition in the presence of a small quantity of silver nitrate: 

4(NH4)2S208 + 3[l20-> VNlWlSOt -f II 2 SO 4 + HNO 3 . 

“ Such actions seem to depend on the formation and decomposition 
of silver peroxide, which is probably produced by action of water on 
silver persulfate: 

Ag2S208 + 2 H 2 O 2 H 2 SO 4 + Ag202.” 

4. In case free chlorine or hydrochloric acid is present in the 
solution of sapiple, an excess of silver nitrate must be added to pre- 
cipitate the chlorine, and the additional quantity added as the cata- 
lyzer. A trace of chloride would give an opalescent solution and 
hence would interfere with the comparison. 

5. If chromium is present in too large a quantity, an excess of 
ammonium hydroxide is added to the solution after oxidation with 
persulfate. This precipitates the manganese as hydrated oxide, 
together with silver hydroxide and a few other metals. The chro- 

® Loc. cit. 
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mium, however, remains in solution as chromate. The precipitate is 
filtered off, dissolved in nitric acid, ammonium or potassium persul- 
fate added, and the solution placed in a beaker of warm water as 
described in the Procedure. 

6. As little as 0.002 mg. of manganese per cubic centimeter can be 
detected by the distinct pink coloration the permanganate imparts to 
the solution. 

7. The persulfate method is erratic in the absence of the silver 
nitrate (Ag ions) catalyzer, and, even with the catalyzer, fairly close 
control of the concentration of acid and of manganese and of the time 
of heating is necessary to obtain accurate results and to prevent the 
precipitation of manganese dioxide. Oxidation is sometimes incom- 
plete; the true permanganate color is not always obtained, and the 
color frequently fades after a short time. 

8. If the highest degree of accuracy is desired, the standard perman- 
ganate solution should be reduced to manganous sulfate with sulfur 
dioxide, the excess expelled by boiling, the solution cooled and diluted 
to a convenient volume with redistilled water. A measured volume 
of this solution is then oxidized by persulfate under conditions identical 
with those used in oxidizing the sample. The tint of both sample 
solution and standard should then be the same and, hence, should 
permit greater accuracy in the comparison. 

DETERMINATION OF MANGANESE BY OXIDATION WITH PERIODATE 

Method op Willard and (iRKAthouse'^ 

This method depends upon the oxidation in acid solution of man- 
ganous salts to permanganate by means of periodate, the reaction 
being represented by the following equation: 

2Mn(N03)2 + 5KI()4 + 3H2O 2HMn04 + SKIOa + 4HNO3. 

Only a small excess of pericxlate is required, but the reaction must 
be carried out in an acid solution sufficiently concentrated to prevent 
precipitation of the manganese. 

The method is especially adapted for the determination of man- 
ganese in water, soil, ores, iron, and steels. It is free from all the faults 
of other methods and yields results of a high degree of accuracy. 

* J. Am. Chem. Soc., 39, 2366 (1917). 
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Reagents. 

1. Sulfuric acid, sp. gr. 1.84; nitric acid, sp. gr. 1.42; or phosphoric 
acid, sp. gr. 1.70. 

2. Potassium or sodium periodate. Solid. 

3. Standard manganous sulfate solution. This solution is pre- 
pared by reducing an accurately measured volume of standard per- 
manganate solution with sulfur dioxide, boiling off the excess of sulfur 
dioxide, cooling, and diluting to the proper volume to give a manganese 
concentration of 0.1 mg. per cubic centimeter. The permanganate 
solution is prepared by dissolving the best grade of “ analyzed ” potas- 
sium permanganate in water that has been distilled from alkaline per- 
manganate and redistilled. This gives a very stable solution which is 
then carefully standardized against sodium oxalate, iron, ferrous sul- 
fate, or ferrous ammonium sulfate of known purity. 

If the highest degree of accuracy is not required, the standard per- 
manganate solution may be diluted to give a manganese content of 
0.02 mg. per cubic centimeter and this solution employed directly 
for the comparison. 

Procedure. — The following is the General Procedure ” given by 
Willard and Greathouse,"^ who were the first to propose the use of 
periodate for the oxidation of manganous salts to permanganate in 
the colorimetric estimation of manganese: 

The material to be analyzed is brought into a solution containing 
in too cc. at least 10 to 15 cc. concentrated sulfuric, 20 cc. of nitric 
or 5 to 10 cc. of syrupy phosphoric acid, or mixtures of two or more 
acids. The solution should previously have been freed from reducing 
agents by boiling with nitric acid, a little persulfate being added if car- 
bon compounds are present, as with steel; if chloride is present it 
should be evaporated with nitric and sulfuric acids to fumes of the 
latter. 0.2 to 0.4 gram of KIO 4 or NalOd is added, or an equivalent 
amount of N 43 H 2 IO 6 , the solution boiled for a minute, kept hot 5 to 
10 minutes, cooled, diluted to the proper volume, and compared with a 
standard of known manganese content similarly prepared. When 
ready for comparison the solution should not contain much more than 
1 mg. of manganese per 50 cc., otherwise the color will be too dark. 

In the presence of considerable iron, either sulfuric or phosphoric 
acid must be present, since ferric periodate is insoluble in fairly con- 
centrated nitric acid but readily soluble in the other acids. A very 
* Loc, cit. 
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large concentration of acid docs no harm in any case, neither does a 
longer time of heating. 

Color comparisons may be made l)y any of the usual methods. 

The following notes are based upon the ext)eriments of Willard and 
Greathouse. ^ 

Notes. 

1. Ihe periodate method is free from all the faults of other methods 
and yields results of a high degree of accuracy. (See Notes 4 iind 7 
under the persulfate method.) 

2. Solutions of manganous salts oxidized by periodate have exactly 
the same color as pure permanganate solution. 

3. Occasionally difliculty is caused by variation in tint with sul- 
furic and phosphoric acid solutions, arising from the brownish color of 
the carbon compounds after solution in nitric acid. This elTcct is espe- 
cially noticeable when the carbon content is 0.8 per cent or more. 
To overcome this, the sample is dissolved in a mixture of 15 cc. nitric 
acid, 15 cc. water, and 15 cc. phosphoric or sulfuric acid, 1 gram of 
ammonium persulfate added and the solution decolorized by boiling 
3 to 5 minutes. Analyses made by Willard and Greathouse, using 
steels with carbon content l)etwecn 0.8 and 1.0 per cent, were accurate 
to within about ±0.003 per cent of the manganese present. The 
manganese content varied in the different steels between 0.3 and 0.8 
per cent, 

4. Detenninations in which HNOa, II 2 SO 4 , and H 3 PO 4 were used 
separately and in various concentrations were made by Willard and 
Greathouse. In all cases the only effect of increasing the concentra- 
tion of acid above the minimum required to prevent precipitation is to 
increase the rate of oxidation of the manganese. This minimum con- 
centration of acid increases with the concentration of manganese, and 
varies with different acids, being lowest for phosphoric acid. The well- 
known stability of manganic phosphates probably accounts for the 
non-appearance of precipitates of iodates or periodates of manganese 
even in solutions of very low acid concentration. 

5. The only effect of varying the concentration of periodate is a 
slight increase in the speed of the reaction as the concentration of 
periodate is increased. Willard and Greathouse found complete oxida- 
tion was obtained in a manganese solution containing only 0.1 gram 


Loc, cit. 
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KIO 4 . The theoretical requirement was 0.052 gram KIO 4 . They also 
obtained complete oxidation of 0.06 gram of manganese in 100 cc. 
of solution containing 2 grams KIO 4 . This cannot be accomplished 
by any of the other methods. Even larger amounts of manganese 
can be oxidized, but such solutions are so deeply colored as to be of no 
practical value. 

6. Periodic acid readily oxidizes hydrochloric acid to chlorine 
according to the equation: 

2HC1 + 11104 -> (^2 + HIO 3 + H 2 O. 

The complete removal of chloride is obtained by heating the solu- 
tion of sample with excess of periodate until the odor of chlorine has 
disappeared. 

7. The presence of ammonium salts docs not affect the intensity of 
the color, the tint of the solution, or the speed of oxidation of man- 
ganese solutions oxidized to permanganate by periodate. 

8. A remarkable feature of the solutions oxidized by periodate 
is their great stability when a slight excess of the reagent is present. 
Such a solution, kept for 3 months in a stoppered flask, when com- 
pared with a similar solution freshly oxidized showed no change what- 
ever. This makes it possible to leave the standard solution in the 
colorimeter, renewing it only occasionally instead of preparing a fresh 
solution each time, as is necessiiry when persulfate is used.” (Willard 
and Greathouse, loc. cil) 

9. The common metals do not interfere in this method except 
insofar as they themselves impart a color to the solution. The color 
due to ferric salts may be removed by the addition of phosphoric acid, 
but to correct for the color due to other metals the same amount must 
be added to the standard. A number of metals, such as silver, lead, 
bismuth, and mercury, form iodates or periodates which are insoluble 
in dilute acids, but by using a high concentration of acid these remain 
in solution, since the amount of periodate added is small. 

10. If a strong reducing agent, such as a ferrous salt, is present, the 
periodate will be reduced to free iodine which will color the solution 
and render it useless. All substances of this kind are removed by 
boiling or evaporating with nitric acid. 

11. In many cases, Willard and Greathouse did not remove the 
color due to ferric salt, but made the proper correction by adding to 



DETERMINATION OF MANGANESE BY PERIODAFE 


277 


the standard the same amount of iron in the form of ferric nitrate. 
Their results are given in the following table: 

TABLE XX 


No Phosphoric Acid Addkd; Samk Amount of Iron in Standard, 


Metal 


VVT'iKhl 

KIO^ 

C 

Mil 

Mn 

1 Differ- 

Num- 

Description of Material 

of 

Add- 

Present, 

Present, 

Found, 

ence, 

her 

Sample, 

ed, 

Per 

Per 

Per 

Per 



Gram 

Grams 

('em 

Cent 

(A'lit 

Cent 

1 

Basic Open Hearth, 1 percent (' 








Sample 16 

1.0000 

0.5 

1.05 

0.405 

0.403 

-0.002 

2 

Acid Open Hearth, 0.1 percent (' 
Sample 18 

1 .0000 

0.3 

O.IO 

0.412 

0.409 

-0.003 

3 

Bessemer 0.8 per cent (' 

Sample 23 

O.-^OdO 

0.5 

0.81 

0.775 

0.771 

-0.004 

4 

Acid Open Hearth, 0.2 per cent ( 
Sample 19 

0..SO00 

0.3 

0.21 

0.760 

0.752 

-0.008 

5 

Bessemer 0.2 C 

Sample 9(i 

0.5000 

0.3 

0.25 

0.918 

0.913 

-0.005 

6 

Bessemer 0.4 per cent C 

Sample 10a 

0.5000 

1 0.3 

0.45 

0.916 

0.902 

-0.014 

7 

Iron D. Sample 6 

0.5000 

0.3 

2.89 

1.41 

1 .407 

-0.003 

8 

Amer.Foundrymen’s Assn. Iron B. 

1 

1 .0000 

0.5 

3.11 

0.415 

0.404 

-O.Oll 


12. In Table XXI are recorded the results of Willard and Great- 
house when the same steels were used as in the preceding table 
but with phosphoric acid added to the siimple and no iron. The 
phosphoric acid reacts with ferric salts to form a colorless complex 
ferric ion. The metals arc referred to by number only. 


TABLE XXI 

Phosphoric Acid Added; no Iron in Standard. 


Metal 

Number 

Weight of 
Sample, Gram 

KIO 4 Added, 
(iram 

Mn Present, 
Per Cent 

• 

Mn Found, 
Per Cent 

Difference, 
Per Cent 

1 

1 , 0000 

0.5 

0.405 

0.402 

-0.003 

2 

1.0000 

0.3 

0.412 

0.412 

±0.000 

3 

0.5000 

0.5 

0.775 

0.770 

-0.005 

4 

0.5000 

0.3 

0.760 

0.755 

-0.005 

5 

0.5000 

0.3 

0.918 

0.905 

-0.013 

6 

0.5000 

0.3 

0.916 

0.905 

-0.011 
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“ These solutions differed only slightly in tint from the pure per- 
manganate standard used, and such comj)arisons are readily made 
after a little practice. When more than 1 gram of iron is present its 
color becomes appreciable, but if the standard contains no phosphoric 
acid, the addition to it of 5 per cent of the weight of the iron in the 
sample gives suflicient color to correct for this.” 

13. “Two determinations were made using iron ores of known 
manganese content. One gram samples were dissolved in platinum 
dishes with 15 cc. phosphoric acid, 5 cc. hydrofluoric acid and a little 
nitric acid and heated until all fluoride had been volatilized. The 
resultant mass was dissolved in water, oxidized with 0.3 gram KIO4 
and diluted to 250 cc. The usual method of dissolving the ore in 
hydrochloric acid could have been used equally well. To expel all 
chloride and to oxidize ferrous salts it is necessary to add 10 cc. of nitric 
acid and 15 cc. of sulfuric acid and evaporate the solution to fumes of 
the latter.” The results are given in the following table: 


PAULK xxir 


Description of Ore 

Weight of 
Sample, 
Gram.s 

Afn Present, 
Per Cent 

Mn Found, 
Per Cent 

Difference, 
Per Cent 

U. S. B. S. Xo. 28, Xorric Ore.. 
U. S. B. .S. No. 29, iMaKfietite, . 

1.0000 

1 .0000 

0.465 

0.07 

0.460 

0.068 

-0.005 

-0.002 


“ In addition some twenty iron ores of known manganese content, 
used as ‘ unknowns ’ for students, were analyzed by the above pro- 
cedure. All the common types of iron ore were represented in this 
series. The results obtained always agreed well with the values given 
by other methods.” (Willard and Greathouse, loc. cil) 

14. Doctor Willard^ has the following comments to make on the 
persulfate and periodate colorimetric methods for manganese: “ The 
experience that others and myself have had with the persulfate method 
in the hands of students has shown that it is extremely unreliable. 
The periodate method, on the other hand, never goes wrong, providing 
the directions are followed in any reasonable manner. It will oxidize 
much larger amounts of manganese and the solutions thus prepared 
may be kept unchanged for weeks or months,— something which is 
* Private communication. 



DKTERMINATION OF MANGANESE liY SODIU.M TUSiMUTIIATIC 279 


hardly true even with pure permanganate. The c.\perience of one 
commercial laboratory has shown the advantage of this feature. They 
made up a scries of pcrmiinent standards and it was only necessary 
then in milking a manganese determination to find out which standard 
it should be compared with,— a matter of only a minute or two. 
Under these conditions it becomes more rapid, I believe, than any volu- 
metric method. 

“ Ihe presence of chloride is not desirable, but if only a little is 
present it can be oxidized to chlorine by adding large excess of periodate. 
It has been stated in various references to this method that the pres- 
ence of chloride would not interfere. This is true only to a limited 
extent and only where the operator has taken care to add sufficient 
periodate to oxidize all the chloride. It is preferable to remove 
chloride by evaporation with nitric or sulfuric acid. 

In steel analyses the use of ammonium persulfate to remove the 
color due to carbon is probably the most satisfactory and quickest 
method to accomplish this, although two other inethods arc given. 

“ If the salt Na;jH 2 TOo is used instead of Kl().i or NaI 04 , somewhat 
more will be required. For example, instead of 0.2 to 0.4 gram it 
would be necessary to use 0.3 to 0.6 gram. This other salt is cheaper 
to prepare and eventually the periodate will probably be marketed 
largely in this form. The cpiestion of obtaining a satisfactory supply 
of this salt at a reasonable price is one of the problems which I am now 
taking up in connection with some other work on periodates which I 
am about to publish. 

‘‘ Chromium is oxidized to some extent by this reagent, the less the 
higher the acidity of the solution. I his can be made practically 
negligible and compensated for by adding the same amount of chro- 
mium to the standard. With the chromium in the trivalcnt form the 
green color does not interfere seriously with the determination of man- 
ganese, but if it is oxidized to the form of chromic acid an accurate 
comparison becomes impossible because of the great intensity of the 
color.” 

DETERMINATION OF MANGANESE IN WATER BY SODIUM 
BISMUTHATE ^ 

Reagents. 

1. Nitric acid, 4 N. 

2. Sulfuric acid, sp. gr. 1.84. 

^ W. D. Collins and Margaret D. Fo.stcr, Ind. Eng. Chem., 16, 586 (1924). 
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3. Sodium bismuthate. 

4. Standard permanganate solution. Dissolve 2.8769 grams of 
pure potassium permanganate in redistilled water, dilute to a liter and 
mix thoroughly. One cubic centimeter of this solution contains 1 mg. 
of manganese. Dilute 10 cc. of this solution to 100 cc. and thoroughly 
mix. One cubic centimeter of the diluted solution contains 0.1 mg. of 
manganese. 

Procedure. — Measure out 100 cc. of the water or a volume small 
enough to contain not over 1 mg. of manganese. Place the water in a 
beaker, add 10 cc. of 4 N nitric acid, 1 cc. of sulfuric acid, sp. gr. 1.84, 
and heat on a hot-plate until most of the sulfuric acid has been driven 
off. Cool, and add about 50 cc. of water and 20 cc. of 4 N nitric acid 
which has been freed of oxides of nitrogen by bubbling air through it. 
Next add 0.1 gram of sodium bismuthate, stir a minute or two, allow 
the excess of bismuthate to settle, and filter through a Gooch crucible 
containing a mat of ignited asbestos which has been washed with per- 
manganate solution. (An alundum crucible may be used in place of 
the Gooch.) Dilute the filtrate to a definite volume and match against 
a series of standards prepared by measuring out appropriate volumes of 
standard permanganate solution, adding to each the quantity of nitric 
acid added to the sample, and diluting to the same volume as that of 
sample. 

Notes. 

1. The sample is evaporated with nitric and sulfuric acids in order 
to remove chlorides and organic matter. By stopping the evaporation 
just before dryness the manganese sulfate is obtained in an easily 
soluble condition. Evaporation should be continued until almost all 
of the sulfuric acid has been driven off, for the reason that the shade of 
the permanganate is not the same in sulfuric acid and in nitric acid 
solutions. 

2. “ Practically all directions call for double treatment with bis- 
muthate. This is necessary if the sample, when first treated with bis- 
muthate, contains material that will be slowly oxidized by the per- 
manganic acid after filtration from the bismuthate. If the water 
sample is treated as directed in the method given above, there will be 
no such material left and the heating to destroy the permanganic 
add color is an unnecessary step which wastes time and bismuthate.” 

3. Sodium bismuthate oxidizes manganese perfectly to permaa- 
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ganic acid, so that a solution of potassium permanganate of known 
strength is as useful as a manganese sulfate solution for the preparation 
of standards. There is no advantage in reducing the manganese in a 
permanganate solution with oxalic acid in the presence of sulfuric 
acid and then using this manganese sulfate for the preparation of 
standards with nitric acid and bismuthate. The usual precautions 
in preparation and preservation of the permanganate standard solu- 
tions must be observed and a fresh standard solution should be made 
rather than trust one that has been kept for a long time.”® 

® Collins and Foster, loc. at. 
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MERCURY AND MOLYBDENUM 

DETERMINATION OF MERCURY AS SULFIDE 

This method depends upon the formation of a colloidal suspension 
of mercuric sulfide and is especially adapted to the estimation of mer- 
cury in urine. ^ 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.12 and 1.19. 

2. Zinc, pure, 10 to 20 mesh. 

3. Potassium chlorate. Solid. 

4. Potassium acetate. Solid. 

5. Hydrogen sulfide solution. Use a saturated solution, freshly 
prepared according to directions on page 240. 

6. Standard mercuric chloride solution. Dissolve 0.1353 gram of 
pure mercuric chloride, IIgCl 2 , in water, dilute to a liter and thor- 
oughly mix. One cubic centimeter of the solution contains O.l mg. of 
mercury. 

Procedure. — Place 500 cc. of urine in a liter flask, add 5 grams of 
potassium chlorate, 50 cc. of hydrochloric acid, sp. gr. 1.12, heat until 
the solution turns from dark red to bright yellow. Cool to about 70° 
C., add 10 grams of granulated zinc, let stand 12 hours (or overnight), 
decant the liquid from the zinc, and wash the latter thoroughly with 
water. The zinc now contains the mercury. Pour 50 cc. of hydro- 
chloric acid, sp. gr. 1.19, over the zinc, warm the mixture if necessary 
to make solution complete, add 20 g. of potassium acetate, transfer 
the solution to a 100 cc. Hehner cylinder, make up to 90 cc. with 
water and then to 100 cc. with a saturated solution of hydrogen sulfide. 
Mix thoroughly with a glass rod bent to form a ring at one end. In 
the meantime, a standard solution is prepared by treating 10 or 20 cc. 

‘ A. Heinzelmann, Chem. Ztg., 35, 721 (191 1); Schumacher and Jung, Z, anal. Chem,, 
41, 482 (1902). 
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of the standard mercuric chloride solution in the same manner as 
described for the sample and using the same amounts of reagents. 
The hydrogen sulfide should be added to the sample and standard at 
the same time. 

Notes. 

1 . Since the mercury is in the form of a colloidal suspension of mer- 
curic sulfide, great care must be observed to keep all conditions as to 
amounts of reagents, manner of mixing, etc., as near the same as pos- 
sible in treating sample and standard. For the same reason, the hydro- 
gen sulfide should be added to sample and standard at the same time 
and comparison of colors made at once. 

2. Unless all reagents are known to be free from mercury, a 
“ lilank ” must be made using the same quantities of reagents as 
employed in the analysis. 

DETERMINATION OF MOLYBDENUM BY HYDROGEN PEROXIDE * 

The method is based u])on the brownish-red color produced by 
the addition of hydrogen peroxide to a faintly ammoniacal solution 
containing a small amount of molybdate. The results are only 
approximate owing to the instability of the permolybdates. dhc 
method is suitable for estimating aiqiroximately the molybdenum in 
rocks and ores, and in the tungsten trioxide obtained in the analysis of 
various minerals. 

Reagents. 

1. Nitric acid, 6 N. 

2. Ammonium hydroxide, 6 N. 

3. Hydrogen peroxide, 5 per cent. 

4. Standard molybdate solution. Dissolve 0.4292 gram of pure 
ammonium molybdate of commerce, (NILdciMoTOoi *41120, in water, 
dilute to a liter, and mix thoroughly. One cubic cen>imctcr of the 
solution contains 0.05 mg. of MoO;j. 

Procedure. — The solution of sample is evaporated almost to 
dryness and tested with litmus. If alkaline, neutralize with nitric 
or sulfuric acid, make faintly ammoniacal, add 3 drops of a 5 per 
cent hydrogen peroxide solution, and compare at once, without dilu- 
tion, with a freshly prepared standard. 

^W. Bettel, Chem. News, 79, 40 (190S). 
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Notes. 

1. The reddish-brown color is partly discharged by dilution, and 
disappears on standing, oxygen being evolved. The color is instantly 
discharged by the addition of excess alkalies. A moderate excess of 
ammonia has very little action on the color but a large excess dis- 
charges it. 

2. As little as 0.001 mg. of M 0 O 3 in several cubic centimeters of 
solution can be detected by a very faint tint. 0.005 mg. of M 0 O 3 in 
the same volume gives a distinct reaction. 

DETERMINATION OF MOLYBDENUM BY TANNIC ACID ^ 

When a small volume of a dilute tannic solution is added to an 
acetic acid solution containing a little molybdate a color is obtained, 
the intensity of which is proportional to the concentration of molyb- 
denum. The method is recommended for the determination of 
molybdenum in materials containing 2 per cent or less of the metal. 

Reagents. 

1. Hydrochloric acid, 6 N. 

2. Nitric acid, 6 N. 

3. Acetic acid, 99.5 per cent. 

4. Tannic acid, 0.5 per cent solution freshly prepared. 

5. Ammonium hydroxide, 6 N. 

6. Standard ammonium molybdate solution. Dissolve 9 grams 
of pure ammonium molybdate of commerce, (NH 4)6 M07 024-4H20, 
in water, dilute to a liter and thoroughly mix. Standardize against 
pure lead sulfate. (0.3 gram PbS04 = 0.1584 gram M 0 S 2 .) 

Procedure.— One or 2 grams of the sample are treated in a casserole 
with 10 cc. of nitric acid, heated gently for 30 minutes, and then evap- 
orated just to dryness. Add 30 cc. of water, 10 cc. of hydrochloric 
acid, warm, stir, add 15 cc. of ammonium hydroxide, boil for several 
minutes, filter into a 250 cc. volumetric flask and wash the precipitate 
three or four times with small quantities of hot water. Wash the pre- 
cipitate back into the casserole, dissolve in 10 cc. of hydrochloric acid 
and reprecipitate with 15 cc. of ammonium hydroxide, filter into the 
flask containing the first filtrate, wash, and make just acid with acetic. 

®G. Spurge, Chem. Eng. Mining Rev., 11, 258 (1919). 
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Then add 10 cc. of concentrated acetic acid, cool, dilute to the mark, 
and mix. 

Next prepare a standard by transferring 2 cc. of the ammonium 
molybdate solution to a 250 cc. volumetric flask, adding 20 cc. of 
hydrochloric acid, 30 cc. of ammonium hydroxide, boiling a few min- 
utes, making just acid with acetic acid, adding 10 cc. of concentrated 
acetic acid, cooling, diluting to the mark, and mixing. 

The comparison is made as follows: Place 2 cc. of fresh tannic 
acid solution in a 50 cc. Nessler cylinder, add 2 cc. of the standard, 
dilute to the mark and mix. Then place 2 cc. of the tannic acid 
solution in another 50 cc. Nessler cylinder and run in the solution of 
sample until the colors match, after finally diluting to the mark and 
mixing. 

Note. — If tungsten is present, filter off the first hydrochloric acid 
solution before adding ammonium hydroxide. 

DETERMINATION OF MOLYBDENUM IN TUNGSTEN 
Method op King‘s 

This method is a modification and refinement of the method of 
L. Leley, Philips’ Lamp Works, Holland, and is based upon the forma- 
tion of a blood- red compound of molybdenum thiocyanate when a 
thiocyanate salt is added to a solution of reduced molybdenum. 
Ether is used as a solvent for extracting the molybdenum thiocyanate 
and the colored solution is matched in a modified Campbell-Hurley 
colorimeter. The method is especially adapted for the determination 
of quantities of molybdenum in tungsten less than 300 p.p.m. and 
gives trustworthy results when the molybdenum content is as low as 
10 p.p.m. 

Reagents. 

1. Nitric acid, sp. gr. 1.42 and 6 N. 

2. Hydrochloric acid, 2 N and 1 N (approx. 1 : 5 and 1 : 10, 
respectively). 

3. Hydrofluoric acid. 

4. Tartaric acid. Dissolve 600 grams of C. P. tartaric acid in 700 
cc. of boiling water, cool, and make up to a liter. 

5. Sodium hydroxide, 0.5 N. Dissolve 20 grams of C. P. sodium 

<Ind. Eng. Chem., 16, 350 (1923). 
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hydroxide (electrolytic) in 600 cc. of distilled water, dilute to a liter, 
allow to stand until the ferric hydroxide precipitate settles, and then 
carefully decant (or siphon) into a clean bottle. 

6. Potassium thiocyanate, 30 per cent. 

7. Stannous chloride. Dissolve 150 grams of stannous chloride,- 
SnCl2 *21120, in 100 cc. of concentrated hydrochloric acid, boil until 
clear, and add 250 cc. of distilled water. Place a few pieces of metallic 
tin in the solution to prevent oxidation. 

8. Ether. The ether used for the extraction should be tested with 
potassium iodide and starch. If a blue color develops, the ether 
should be shaken with a 10 per cent solution of sodium thiosulfate and 
redistilled. A blank test should give no color after several hours’ 
standing. The precaution of redistilling has never been found neces- 
sary. 

9. Standard sodium molybdate solution. Pure molybdic trioxide 
is prepared by igniting C. P. (NH4)2lMo04 to M0O3 and resubliming 
in silica or platinum dishes. The sublmicd oxide is dissolved in a small 
excess of a 10 per cent NaOH solution, neutralized with dilute HCl and 
then made alkaline to litmus. The solution above is diluted to approx- 
imately 0.1 N, after which the molybdenum is accurately determined 
by precipitating and weighing as PbMoO-i. A portion of this solution 
is diluted so that 1 cc. will contain 0.05 mg. molybdenum. 

The following description of apparatus. Fig. 50, and procedure 
have been taken from the work of King.*'* 

Apparatus.— The colorimeter is shown in Yig. 50. The 
colorimeter tubes with attached reservoir are made of Pyrex glass. 
They have an approximate capacity of 250 cc., an inside diameter 
of 4 cm., and an approximate height of 23 cm. The bottoms of 
the tubes are clear glass made by sealing pieces of large flasks on 
the bottoms, which have been previously ground to a plane. The tops 
of the tubes are ground level so that the plate-glass covers fit snugly 
over the tops. The tube for the standard is calibrated to contain 
250 cc. and marked on the side-arm. A separate scale ecpal to the 
length of the side-arm to mark, and graduated in 100 equal divisions, 
is fastened behind the side-arm. The use of a separate scale with a 
white background and black markings facilitates rapid and accurate 
readings. The length of the side-arm of the sample tube is equal to 
the length of side-arm of the standard tube. The side-arm is 
Loc. cil. 
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divided into 10 equal divisions and etched on llie glass. Frac- 
tional readings of the large divisions are made with a movable glass 
sleeve fitted with a paper scale equal to the length of a large division 



and subdivided into 10 equal divisions. This device saves extra cal- 
ibrating and provides accurate readings from 1 to 100. No correc- 
tion for the taper of the tube is necessary if the diameters of the tubes 
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are reasonably uniform and the inside diametprs pf, their opposite ends 
do not vary more than 0.4 mm. The correctipn 'for the difference in 
the volumes of the tubes is equal to volume o'fl sample tube (to mark) 
divided by volume of standard tube (to mark). The volume of the 
reservoir (to mark) is equal to the volume of standard tube and side- 
arm to calibrated mark. The trap prevents the loss of ether solution 
while mixing the standard. 

The cabinet is a dust-proof box inclosing two mirrors and tele- 
scope. The mirrors are supported with a mechanical device to give 
three adjustments: (t) rotary movement, (2) sliding movement par- 
allel to axis, (v3) displacement movement relative to the position of the 
telescope and the direction of the light from the tubes. Glass plates 
covering the openings in the bottom of the box transmit light from 
the sample and standard tubes to the mirrors. The observation tube 
is 20 cm. long, 1.2 cm. in diameter, and is lined with black velvet to 
prevent disturbing reflections. The pin hole aperture in the remov- 
able eyepiece is 1 mm. in diameter, while the opening in the opposite 
end of the telescope is 4 mm. An eyeshade is attached to the end of 
the telescope, which cuts off light from the outside and permits the 
observer to keep the left eye open while making observations. 

The height of the standard solution is controlled by a pressure 
regulator. The pressure bottle has a capacity of 500 cc. and is 
half filled with water saturated with ether. By turning the pulley 
the height of the leveling flask regulates the amount of water and air 
in the pressure bottle, which automatically provides pressure regula- 
tion for the standard tube. The purpose of introducing a pressure 
bottle is to prevent the evaporation of ether from the adjustment res- 
ervoir. The pulley has a friction spring which fixes the height of liquid 
in leveling the flask at any desired level. 

The mirror for reflection is swung in position to reflect the light 
from the white plate-glass reflector in the rear of the colorimeter up 
through the colorimeter tubes into the openings at the bottom of cab- 
inet holding the adjustable mirrors. 

Shaking Flask and Siphon . — The shaking flask consists of a 300 cc. 
flask sealed to a 400 cc. short-neck (3 cm.) flask and shaped at the 
mouth to fit a small rubber stopper. A small opening is made near the 
mouth to admit air. After shaking out a solution the ethereal layer is 
removed by properly adjusting a 3 mm. capillary siphon, inserting 
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the rubber stopper, and forcing air tnrough tne opening until all the 
ether is forced out. 

Illuminating Equipment . — A 500-watt Trutint,” north skylight 
unit provides the source of light both for the extraction process and 
color matching. This type of lighting unit is equipped with a blue- 
glass color filter and is designed to give a quality of light closely 
approaching north skylight. A dependable source of light, reason- 
ably uniform both in quality and quantity and reproducible at will, 
makes possible accurate color observations at all times, a condition 
which is not possible with daylight. To obtain the best conditions of 
light diffusion, the glass filter is sand-blasted and the diffused light 
reflected directly into the colorimeter by a polished plate of white 
glass. 

Procedure. — Solution of Sample . — ^Tungsten and molybdenum 
must be in the form of their alkali salts. Tungsten metal is oxidized in 
the wet way. Weigh 4 grams of metal into a 200 cc. platinum dish, 
cover with 30 to 40 cc. of hydrofluoric acid, and add, drop by drop, 
concentrated or dilute nitric acid, as the violence of the reaction indi- 
cates, until the tungsten is dissolved. Evaporate the solution nearly 
to dryness, add concentrated nitric acid, and evaporate to dryness. 
Repeat acid treatment three tunes, evaporating to dryness each time. 
Ignite at a low temperature not to exceed 550° C. Ignition of all tung- 
sten samples is necessary to eliminate organic matter and to break up 
the tungstic acid hydrates and complexes. 

Tungstic acid is treated three times with concentrated nitric acid, 
evaporated to dryness, and ignited. Tungstates soluble in caustic 
arc treated directly. Boil a 5 gram sample, after treatment as directed 
above, with 25 cc. sodium hydroxide solution (35 cc. for sample over 
12 grams) until solution is complete. To the solution add 75 cc. hot 
water and boil. No appreciable residue of tungsten should remain. 
Fusion of sample of tungstic oxide with sodium and potassium car- 
bonates is apt to cause a slight loss of molybdenum. Filter the solu- 
tion in a Gooch crucible on an asbestos mat, wash with 5 per cent 
sodium chloride solution, and transfer to a 250 cc. calibrated flask and 
dilute to mark. 

Preliminary Trea/mew/.— Transfer a 75 cc. aliquot to a 500 cc. 
Erlenmeyer flask, and neutralize with dilute hydrochloric acid (1 : 10), 
using neutral litmus paper. At no time should a precipitate of tung- 
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Stic acid be allowed to form. When the solution is slightly acid, imme- 
diately add tartaric acid solution proportionate to the amount of tung- 
sten present, using 20 cc. of solution for every 6 grams of WO 3 or frac- 
tion. Transfer to 400 cc. shaking flask, add 25 cc. dilute hydrochloric 
acid (1:5) and 5 cc. of a 30 per cent potassium sulfocyanatc solution, 
and dilute to approximately 350 cc. Cool to 5° or 10° C. 

Extraction with Ether . — To the cooled solution add 20 cc. of stan- 
nous chloride solution. Thorough mixing is best done by blowing 
forcibly into the pipette and directing the emerging stream into the solu- 
tion. Immediately add 90 cc. ether and sufTicient water to bring the 
water meniscus up to the bottom of the constriction when the two layers 
are saturated with each other. Insert a cork in the flask, hold the 
linger over the small opening at the top, and shake the flask vigor- 
ously one-half minute. Cool the flask in ice water until the ether layer 
separates. Adjust the siphon and transfer the ether to the colorimeter 
tube (left). Add a 50 cc. portion of ether to the shaking flask, and 
repeat the extraction as long as any color is removed. (See Note 1.) 

Standard Ether - Standard ether solution is prepared by 

adding molybdenum to specially purified tungsten and shaking out 
in the regular way, A suitable (piality of purified tungsten very low 
in molybenum may be obtained hy recovering and purifying the tung- 
stic acid from the aqueous solutions of the ether extraction. Purifica- 
tion is best made by ammonium paratungstate precipitation followed 
by nitric acid digestion. Weigh 3 grams of ignited oxide into a 500 cc. 
flask, add 10 cc. of a standard molybdenum solution, equivalent to 0.5 
mg. molybdenum, and follow the procedure to the extraction with 
ether. After shaking the solution out with ether, transfer the ether 
solution to the colorimeter tube (right) and continue extracting with 
50 cc. portions until the reservoir is filled to mark. MLx the standard 
by blowing air through the reservoir, replacing the evaporated ether 
if necessary, qsing only the ether which has been shaken out. The 
volume of the reservoir filled to the mark is equal to 100 scale divi- 
sions. Loss of ether is largely prevented by covering the tops of the 
color tubes. 

Matching of Colors .— standard solution in the right tube is 
matched against the unknown solution in the left tube. To accom- 
plish this, disconnect the rubber tubing from the trap, fill the reservoir 
to the mark, and lower the leveling flask until the pressure bottle is 
empty. Connect the rubber tubing again to the trap. With the light 
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properly adjusted behind the colorimeter, the reflecting mirror is turned 
so that uniform illumination is provided in both tubes. Manipulate 
pulley so that the height of the solution in the right tube is regulated 
to give equal color densities in both tubes, and note reading on the scale. 
With a little practice readings can be duplicated within one or two scale 
divisions. If the color reading is over 90 divisions, fill the left tube to a 
convenient mark, mix and drain ofl sufficient ether to permit the read- 
ings to fall between 70 and 90 scale divisions. The volume of the 
ether aliquot may be accurately measured by using the calibrated 
sleeve described under “ Colorimeter.” When it is necessary to 
remove more than half of the ether aliquot, a second but smaller sample 
is taken and sufficient purified tungstic acid, from which the standard 
was prepared, added to make a total of 1.5 to 3 grams of WO3. If the 
color reading is less than 50 divisions a proportionally larger sample 
is taken so that an approximate reading of 75 divisions is obtained. 
However, the quantity of tungstic acid used in making the standard 
need not be increased except where great refinement is desired. 

The following notes are from the work of King: ® 

Notes. 

1. When aqueous solutions turn slightly blue after the addition of 
stannous chloride some of the molybdenum stays in a form which can- 
not be shaken out. In some cases over 20 per cent of the molybdenum 
remains undetected. This is probably due to the formation of hydrated 
or complex compounds of tungsten when precipitated metatungstic 
acid or insoluble residues are redissolved. The resolution of the fine 
precipitate by the addition of tartaric acid is not sufficient to prevent 
the formation of the blue color. In several cases a poor quality of tar- 
taric acid has been known to cause a blue color, but this can be detected 
by a blank test. When an appreciable quantity of blue color has 
formed it has been considered a safer plan to discard the determina- 
tion and start a new one. 

2. In preparing a reliable procedure for colorimetric analysis of 
molybdenum, the importance of adopting uniform conditions cannot 
be too strongly emphasized. This applies especially to the quality of 
reagents and the conditions affecting their concentration. New re- 
agents should be tested by running blank determinations. After the 
addition of the sulfocyanate an analysis should be carried through 

* Loc. cil. 
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promptly/ Turbidity or precipitation occurring in either solution 
prevents the complete extraction of molybdenum, or makes accurate 
color matching impossible. Although standard solutions have stood 
over a week without measurable deterioration, it is probably better to 
prepar%a fresh solution each day and check against a standard sample 
of tungstic acid. The stability of the solutions is probably due to the 
reducing action of stannous chloride held in solution by ether. 

3. None of the elements commonly associated with tungsten ores 
interferes with the molybdenum determination. The following ele- 
ments do not interfere: iron, copper, manganese, nickel, cobalt, titan- 
ium, columbium, tantalum, uranium, chromium, vanadium, thorium, 
aluminum, phosphorus, calcium, arsenic, and silicon. 

4. The colorimetric analysis of samples of WO 3 containing 321, 151 , 
48, and 29 p.p.m. molybdenum, respectively, showed a variation 
between the maximum and minimum value for each sample of less 
than 10 per cent of the total molybdenum present. 

5. The size of the sample should be adjusted so that a scale reading 
of 60 to 90 divisions is obtained, thus reducing to a minimum the error 
of color matching. 

DETERMINATION OF MOLYBDENUM IN STEEL' 

This is a rapid method for the estimation of molybdenum in steel 
and is based upon a combination of the colorimetric method of the 
U. S. Steel Corporation and that of King (see page 285) It has been 
used in the determination of the molybdenum content in the charges 
of electric furnaces, the molybdenum content ranging from 0.02 to 0.15 
per cent. Only 20 to 25 minutes are required to make a determination. 

Reagents. 

1. Nitric-.sulfuric acid mixture. Add 350 cc. of nitric acid, sp. gr. 
1.42, and 225 cc. of sulfuric acid, sp. gr. 1.84, to 750 cc. of water. 

2. Hydrochloric-sulfuric acid mbeture. Add 450 cc. of sulfuric 
acid, sp. gr. 1.84, and 100 cc. of hydrochloric acid, sp. gr. 1.19, to 1450 
cc. of water. 

3. Potassium thiocyanate, 5 per cent. Dissolve 50 grams of 
potassium thiocyanate in a liter of water. 

4. Stannous chloride. Dissolve 250 grams of stannous chloride, 
SnCl2'2H20, in 200 cc. of hydrochloric acid, sp. gr. 1.19, and boil until 

’'0. L. Maag and C. H. McCollam, Ind. Eng. Chem., 17, 524 (1925). 

® Methods of the Chemists of the U. S. Steel Corporation for the Sampling and Analysis 
of Alloy Steels, 2d ed., p. 72, 1921. 
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clear. Dilute with 800 cc. of water and add a few pieces of metallic 
tin to prevent oxidation. 

5. Ether. (See p. 286.) 

Procedure— Place a 0.5 gram sample of the steel in a 250 cc. 
beaker, add 10 cc. of the nitric-sulfuric acid mixture, heat genfiy until 
solution is complete, and then evaporate carefully and rapidly on a 
hot-plate until copious fumes are evolved. Do not use a cover glass. 
A little practice may be required in regulating the heating so as to 
avoid spattering. All nitrates must be driven off, otherwise concord- 
ant results will not be obtained. 

After heating till all nitrates have been driven off, cool the con- 
tents of the beaker, add exactly 30 cc. of the hydrochloric-sulfuric acid 
mixture and boil until the salts have dissolved. (See Note 1.) Cool 
the solution to room temperature; add from a burette 5 cc. of 5 per cent 
potassium thiocyanate solution, and stir thoroughly; add from a 
burette 10 cc. of the stannous chloride solution, and again stir thor- 
oughly. (See Note 2.) Transfer the acid solution to a separatory 
funnel, add 10 cc. of ether and shake thoroughly. Return the acid 
solution to the original beaker and run the ether solution into a clean, 
dry, 50 cc. graduated cylinder. Repeat shaking the acid solution 
with successive 10 cc. portions of ether until all color has been removed. 
Transfer the combined ether solutions to a graduated colorimeter tube 
(see Note 3), place the tube in the colorimeter (Kennicott-Campbell- 
Hurley is a good type for this determination) and match against a 
standard solution prepared as follows: Weigh out two 0.5 gram sam- 
ples of standard steel and treat them as directed above for the sample. 
Make the ether extracts up to exactly 50 cc. in the standard matching 
tubes, place in the colorimeter and compare. If they have the same 
color tint, one of them may be diluted to exactly 100 cc. as a standard 
for low percentage molybdenum, or the two may be united to make a 
standard for steels with a higher molybdenum content. Transfer 
the standard solution to the leveling tube of the colorimeter and match 
the color of the sample solution. From the colorimeter reading 
(average of several) calculate the per cent of molybdenum in the 
sample. 

Notes. 

1. It is important to use the proper amount of hydrochloric acid 
in dissolving the salts. “ Too much will cause a fading of the color 



294 


MERCURY AND MOLYBDENUM 


even before the ether extraction can be made, while not enough of this 
reagent may present difTiculties in the solution of the salts.”-’ 

2. All of the iron must be reduced before the ether extraction is 
made; therefore, after the stannous chloride is added care should 
be taken that no unreduced solution is left on the sides of the beaker. 

3. Approximately the same volume of ether should be used in 
extracting the sample and standard steels. 

4. “ The top of the leveling tube should be covered when not in 
use, in order to increase the time that a standard can be used. Since 
the deterioration of a standard is generally due to evaj)oration of the 
ether rather than breaking down of the .salt, its life is largely dependent 
on the room temperature. In this laboratory the standard is renewed 
every 2 hours, two samples of standard steel being kept fuming slightly 
on the cooler portion of the hot-plate, to be used whenever the standard 
in use is suspected.” •’ 

® Maag and McCoIlam, he. eit. 
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DETERMINATION OF NICKEL AS THE DIMETHYLGLYOXIME 

This method is based ui)oii the formation of nickel dimcthylgly- 
oxime, Ni(C 4 H 7 N 2 () 2 ) 2 , a scarlet-red compound. The reactibn is car- 
ried out in a faintly ammoniacal solution. Since nickel dimethyl- 
glyoxime is very slightly soluble, only minute amounts of nickel can 
be tested, for otherwise a precipitate settles out. 

Reagents. 

1. Hydrochloric acid, 6 N. 

2. Nitric acid, sp. gr. 1.42. 

3. Ammonium hydroxide, 6 N. 

4. Sodium hydroxide, 6 N. 

5. Hydrogen sulfide. See p. 240. 

6. Dimethylglyoxime, 0.1 N. Dissolve 12 grams of the solid in 
1000 cc. of 95 per cent alcohol. 

Procedure.— Dissolve the sample, add 2 or 3 cc. of concentrated 
nitric acid and boil a few minutes. Any iron or phosphate present is 
then precipitated with an excess of ammonium hydroxide. If a pre- 
cipitate forms, filter, dissolve the precipitate in dilute hydrochloric 
acid, reprecipitate with ammonium hydroxide, lilter, and wash. If 
much iron is present another precipitation should be made. Finally, 
combine the filtrates and evaporate to dryness, dissolve the residue in 
5 cc. of 6 N hydrochloric acid, dilute to about 100 cc., l^eat to boiling, 
and pass hydrogen sulfide into the hot solution. Filter, boil off the 
hydrogen sulfide in the filtrate, add sodium hydroxide to precipitate 
the nickel, filter, convert the nickel hydroxide into nickel chloride by 
adding a slight excess of hydrochloric acid, make up to a definite vol- 
ume, and mix thoroughly. To the solution, or an aliquot part, add 
ammonium hydroxide in slight excess and then 2 cc. of dimethylgly- 
oxinie. Mix and compare the resulting color with that of a standard 
nickel solution jirepared at the same time. 

295 
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Notes. 

1 . One part of nickel in 400,000 parts of solution can be detected.^ 

2 . A tenth of a milligram of nickel in the presence of 500 mg. of 
cobalt can be distinctly recognized. However, when cobalt is present,, 
a large excess of ammonia is added to the solution before adding the 
dimethylglyoxime. 

3 . When cobalt is present, dimethylglyoxime equivalent to the 
cobalt must be added before a small quantity of nickel will react. 
This is probably due to the cobalt combining with the reagent to form 
a soluble complex salt. 


DETERMINATION OF NICKEL BY POTASSIUM THIOCARBONATE 

The method is based on the rose-red to brown-red color developed 
with potassium thiocarbonate and ammoniacal nickel solutions.^ 
The nickel may be present as sulfate, nitrate, or chloride before addi- 
tion of ammonium hydroxide. 

Reagents. 

1 . Nitric acid, sp. gr. 1.42. 

2. Ammonium hydroxide, 6 N. 

3. Potassium thiocarbonate. Dissolve 4 grams of potassium 
thiocarbonate, K2CS3, in water and dilute to 100 cc. 

4. Standard nickel solution. Dissolve 0.6729 gram of nickel 
ammonium sulfate, NiS04 • (NH 4)2 SO4 • 6 H 2 O, in water, dilute to a 
liter, and thoroughly mix. One cubic centimeter of this solution con- 
tains 0.1 mg. of nickel. 

Procedure. — A sample containing between 0.34 and 2.0 mg. is 
weighed out and dissolved in hydrochloric, sulfuric, or nitric acid, the 
latter usually^ being the quickest. If the sample is a water-soluble 
salt, the solution is made slightly acid. Add ammonium hydroxide 
to the solution until it is almost neutral, then 0.5 cc. of the potassium 
thiocarbonate solution, finally adding ammonium hydroxide in excess 
and diluting to 20 cc. Compare at once with a standard that has been 
prepared along with the sample, using the same volume (20 cc.) and 
similar Nessler tubes. 

* L. Tschugaeff, Ber., 38, 2520 (1905). 

2 V. Lindt, Z. anal. Chem., 53, 165 (1914). 
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Notes. 

1. The volumes of the sample solution and of the comparison 
solution must be the same (20 cc.) and must be compared in similar 
tubes. 

2. The solutions, both sample and comparison, must be mixed 
with the reagent and compared at the same time; solutions differing in 
age cannot be used, 

3. The potassium thiocarbonate solution must be prepared fresh 
once a week. 

4. Metals of the hydrogen sulfide group must be removed. This 
is accomplished by precipitation with hydrogen sulfide in an approxi- 
mately 0.3 N acid solution. Manganese and iron must also be absent. 
These are removed by boiling with bromine water or hydrogen perox- 
ide (after removal of H 2 S) and then adding ammonium hydroxide in 
slight excess. Cobaltous compounds interfere, but the bromine or 
hydrogen peroxide treatment oxidizes them to cobaltic compounds 
which are non-interfering. Zinc slowly forms a finely divided white 
precipitate but this does not interfere with rapid work unless a con- 
siderable amount is present. In case of doubt, add a similar quantity 
of zinc to the standard. 

5. Analyses of nickel solutions, Ni steel and other alloys showed 
excellent agreement with the dicyanodiamidine and electrolytic 
methods. Representative experimental results obtained by Lindt^ 
are given in the following tables: 


TABLE XXIIl 
Ni Steel 


Colorimetric 
Per Cent Ni 

Mean 

Dicyano- 

diamidine 

Per Cent Ni 

Difference 

% 

4.73 

1 



4.92 

4.83 

4,82 

+0.01 

4.86 

J 



2.97 

1 



2.93 

[ 2,95 

2.96 

-0.01 

2.92 




2.99 

J 




* Loc. cit. 
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TABLE XXIV 
Brass 

Composition: Cu, 61.552 per cent; Pb, 0.164 per cent; Fe, 0.306 per cent; Ni, 13.668 
per cent; Zn, 24.310 per cent. Cu, Pb and Fe removed but not the Zn. 


Colorimetric 
Per Cent Ni 

Electrolytic 
Per Cent Ni 

Difference, 
Per Cent 

Mean, 

Per Cent 

13,63 

13.668 

-0.0.38 

1 

13.63 

13.668 

-0.038 

-0.015 

13.70 

13.668 

+0.032 

J 


DETERMINATION OF NICKEL BY POTASSIUM DI-THIO-OXALATE 
Method of Fair mall 

This method is based upon the deep magenta color obtained when 
potassium di-thio-oxalate is added to solutions conttiining minute 
amounts of nickel. The reaction was first ol)ser\ed by Jones and 
Tasker.^ It not only is more sensitive than any other colorimetric 
method for nickel analysis, but also pennits the accurate determina- 
tion of small fractions of a milligram. 

The method described below was developed for the determination 
of nickel in the minute quantities that occur in biological material. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19, and 1:1. 

2. Acetic acid, glacial. 

3. Anmionium hydroxide. Prepare by absorbing ammonia gas in 
cold distilled water. 

4. Ammonium acetate, 50 per cent. 

5. Ammonium oxalate, 0.5 N. Dissolve 40 grams of ammonium 
oxalate, (NH 4 ) 2 C 20 .rH 20 , in water and dilute to a liter. 

6. Sodium citrate, 20 per cent. 

7. Bromine. 

8. Hydrogen sulfide. Sec p. 240. 

9. Potassium di-thio-oxalate.® The following method of prep- 

* L. T. Fairhall, J. Ind. Hyg., 8, 528 (1926). 

® J. Chem. Soc., 95, ii, 1904 (1909). 

® This salt may be obtained from Eastman Kodak Co., Rochester, N. Y. 
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aration of potassium di-thio-oxalate is that of Jones and Tasker^ as 
modified by Fairhall. (See Note 1.) Treat 2 gram-molecules of ethyl 
mercaptan with 1 gram-molecule of oxalyl chloride at room tempera- 
ture, adding the oxalyl chloride in small amounts at a time. Hydrogen 
chloride is abundantly evolved. After action has apparently ceased, 
heat gently in order to drive off the remaining excess of hydrogen 
chloride and an excess of either of the reacting substances. Dissolve 
the resulting ethyl di-thio-oxalate in ethyl alcohol and add an equiva- 
lent of potassium hydrosulfide dissolved in alcohol. The latter should 
be prepared by treating an equivalent weight of potassium hydroxide 
in alcohol with hydrogen sulfide until the cold solution is saturated 
with hydrogen sulfide gas; it should be allowed to stand overnight 
and then be filtered from the residue of metallic sulfides. Pour the 
alcoholic potassium hydrosulfide solution into the solution of ethyl 
di-thio-oxalate, stirring vigorously, and allow to stand for about an 
hour. An abundant white crystalline precipitate of potassium di-thio- 
oxalate forms. Pour off the supernatant fluid, collect the crystals on 
a Buchner funnel, and wash well with cold alcohol. The crystals 
should be dried and stored in amber-colored bottles. The salt will 
keep for several months but eventually becomes light coffee-colored 
and gives the characteristic magenta color with nickel accompanied 
by a turbidity in acid solution which interferes with accurate readings. 

Procedure A : Preliminary Treatment 

(1) Drying and Carbo7tizing . — The material (tissues, excreta, 
foodstuffs, milk, etc.), must be dried, baked in an oven until charred, 
and then ashed, preferably in an electric muffle furnace. Transfer the 
material to a porcelain dish and heat to dryness on a hot-plate or in an 
oven. When dry, increase the temperature so that the material is car- 
bonized. Transfer the char to a small porcelain dish for ashing. Urine 
or milk should be boiled to dryness in a large porcelain djsh on a hot- 
plate. Vigorous boiling is to be avoided, and, in order to prevent 
bumping and spattering, add 10 cc. of concentrated hydrochloric acid. 
Char the residue as above and transfer to a small porcelain dish. 

(2) Ashing . — Transfer the dishes of carbonized material to the 
muffle furnace and heat at a low red heat. They should remain at this 
temperature no longer than half an hour as the salts (in the case of 
urine and certain foodstuffs) fuse and coat the carbon particles, pre- 


^ Loc. cit. 
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venting any further oxidation and making the subsequent extraction 
difficult. It is better to underheat the first time than to overheat. 
After the dishes have been removed and are cold, treat them with 15 
cc. of 1 : 1 hydrochloric acid, cover the residue with water, and heat 
to boiling, first covering the porcelain dishes with clock glasses. Filter 
and extract twice more with boiling water. Return the filter paper and 
residue to the porcelain dish, dry in a hot-air oven, and re-ash in the 
muffle furnace. When cold, extract as before. One more ignition 
and extraction will generally be necessary before everything goes into 
solution. There is usually a siliceous residue from feces, which may be 
discarded. 

(3) Removal of Heavy Metals . — Neutralize the hydrochloric acid 
solution with pure ammonium hydroxide, using methyl orange as an 
indicator. Then add a few drops of hydrochloric acid until the solu- 
tion is just acid in reaction. Saturate the cold solution with hydrogen 
sulfide gas and allow it to stand a few hours or overnight if no precipi- 
tate forms at once. I ilter and wash the residue with hydrogen sulfide 
water. Boil the filtrate till free from hydrogen sulfide and add bro- 
mine water in sufficient amount to oxidize the iron to the ferric state. 
The solution is then analyzed for nickel by one of the two following 
methods. 

Procedure B : Determination of Nickel 

(1) In the Absence oj Cobalt . — It is necessary to free the solution 
from iron only in order to estimate the nickel directly. Most biologic 
material contains iron in varying amounts, accompanied usually by a 
greater amount of phosphate. Ferric phosphate is insoluble in neu- 
tral or acetic acid solution, and the iron may be removed, therefore, 
by merely neutralizing the solution. This must be done carefully, 
however, in order to avoid precipitating calcium and magnesium phos- 
phates. The best plan is to add a buffer salt such as ammonium ace- 
tate. The slightly acid solution containing ferric iron should be 
treated with 10 cc. of 50 per cent ammonium acetate solution and 0.5 
cc. of glacial acetic acid. All the free hydrochloric acid is neutralized 
by the ammonium acetate, and an equivalent amount of acetic acid is 
liberated. The acetic acid prevents the precipitation of calcium and 
magnesium phosphates. The solution must he cold before the ammo- 
nium acetate is added, otherwise part of the iron will be reduced and 
thus escape precipitation. Filter the cold solution through quanti- 
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tative filter paper into a volumetric flask. The filtrate should be 
water-white with no trace of turbidity. The ferric phosphate is usually 
small in amount and is readily filtered out. Dilute the solution to an 
exactly known volume, say 500 cc. 

Nickel Transfer 50 cc. of this solution to a Nesslcr tube 

and add a small amount of potassium di-thio-oxalate. If nickel is 
present, a clear magenta color develops at once. If nickel is absent, 
no color is apparent except that the solution may be slightly yellowish 
from an excess of di-thio-oxalatc. A brownish color indicates an 
excess of cobalt in solution; a purple shade shows that the iron has not 
been completely removed, and in this event it will be necessary to 
repeat the oxidation and precipitation with an aliquot part of the solu- 
tion. This is very troublesome and it is far easier to insure complete 
oxidation of the iron at the earlier stage. 

In order to determine the amount of nickel present, a series of 
nickel standards in Nesslcr tubes should be prepared, ranging from 
0.005 to 0.05 mg. of nickel" i.e., 0.005, 0.01, 0.02, 0.03, 0.04, 0.05 mg. 
The unknown solution should be matched against these. It is not 
advisable to use higher concentrations of the standard nickel solution 
with Nesslcr tubes, as the tint is too deep for satisfactory reading. For 
larger amounts of nickel, it is preferable to u.sc a colorimeter of the 
Duboscq type. 

(2) In ihe Presence of Cobalt . — In case cobalt is present in amount 
sufficient to interfere with the colorimetric test for nickel, separation of 
the nickel from the cobalt will be necessary before the test is applied. 
Iron, if present in the solution, may be prevented from precipitating at 
a later stage (as the hydroxide) by the addition at this point of sodium 
citrate. Add 10 cc. of 20 per cent sodium citrate solution. Then add 
ammonium oxalate solution very slowly, stirring constantly, so as to 
separate calcium oxalate in crystalline form in the acid solution. 
When precipitation ceases, add dilute ammonium hyd/oxide slowly 
in such a manner as to produce crystalline ammonium magnesium 
phosphate in the same solution without filtering out the calcium oxa- 
late. After the calcium and magnesium are quantitatively precipi- 
tated, they should be filtered out, washed, redissolved in hydrochloric 
acid, and reprecipitated as before. The filtrate from this precipitation 
should be combined with the first filtrate. In this way any nickel 
that is mechanically carried down with or incompletely washed out of 
the first precipitate may be recovered. The alkaline filtrate, which is 
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now free from calciuiii and magnesium, and partly free from phos- 
phates (the latter arc removed only as a means of eliminating mag- 
nesium), is treated with an excess of a-benzyl-dioxime, filtered, the 
residue dissolved in acid — aqua regia is preferable and the acid solu- 
tion evaporated to dryness in a porcelain dish. Add 1 or 2 cc. of con- 
centrated hydrochloric acid and again evaporate to dryness in order 
to destroy any excess of nitric acid. Finally, dissolve the residue in a 
few drops of dilute hydrochloric acid, dilute to a convenient known 
volume, and determine the nickel content by the colorimetric method 
already outlined. (Sec Note 2.) 

Notes. 

1. It has been found that different lots of potassium di-thio-oxalate 
vary somewhat in the rate at which the color of the compound changes 
in acid solution with amounts of nickel of less than 0.05 mg. The rate 
of change is not significant in solutions of low acidity, but in strongly 
acid solutions the color change is noticeable after an hour or more and 
the Ncssler tube readings are affected by a turbidity which develops. 
Apparently the method of preparation is partly at least responsible 
for this, as one lot (used by Fairhall) in particular was but little 
affected by changes in acidity. 

2. The second method is longer and more troublesome than the 
first, and fortunately need be utilized only in those cases where a notice- 
able amount of cobalt is present. The small amount of cobalt existing 
in nickel or nickel salts is insufficient to have any effect on the color 
which develops and, judging from the analyses obtained so far, it is 
only occasionally that cobalt is excreted in sufficient amount to inter- 
fere with the test. 

3. An examination of this colorimetric method has shown that 
nickel in amounts of 1 mg. can be determined with an average accuracy 
of 0.02 mg. To test this, a solution was made up of pure salts in imi- 
tation of the mineral content of milk. Exactly 1 mg. of nickel was 
added to portions of this salt solution, each of which corresponded in 
mineral content to 500 cc. of milk. These solutions were then analyzed 
for nickel by the procedure outlined above. In a series of ten experi- 
ments the maximum deviation was 0.05 mg. and the average error 
0.02 mg. 

Experiments in which the acidity of the solution was varied, using 
hydrochloric acid in one case and acetic acid in the other, showed that 
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the determination of nickel in amounts of 0. 1 mg. or more is not 
seriously affected by varying the acid concentration from 0.0001 molar 
to 1,0 molar. Estimations made of the nickel content of solutions of 
nickel in acid solutions of various strengths are summarized in Table 
XXV. The depth of color of these solutions when treated with potas- 
sium di-thio-oxalate was compared with a standard of the same con- 
centration in distilled water, using a Duboscq colorimeter for com- 
parison. It is apparent from these results that readings of this amount 
of nickel can be made with accuracy in solutions ranging from 0.000 1 
to 1 .0 molar in acidity. 


I'ABLE XXV 

?>FKCT OF Ac id Concentration on Nickel Estimation 


Amount of 
Nickel, Mg 

Acid 

Concentration 

(Molar) 

Hydrochloric 

Acid 

Acetic Acid 

0.1 

1.0 

0.098 

0.097 

0 1 

0.1 

0.099 

0.101 

0.1 

0.01 

0.094 

0.101 

0.1 

0,001 

0.098 

0,098 

0.1 

0.0001 

0.098 

0.097 


In the method of analysis as above outlined, the degree of acidity 
of the final solution which is used for the nickel reading will be no more 
than 0.02 molar. When the amounts of nickel are less than 0.05 mg., 
the acidity should be adjusted, however, so that the solution is no more 
than 0.01 molar with respect to acid. With amounts of nickel of 0.01 
mg. or less and an acidity greater than 0.01 molar, the color developed 
is tinged with yellowish brown instead of clear pink, m«tking compari- 
son with the standards difficult. With a quantity as minute as this, 
however, it is still possible to make a color comparison with the 
standards by adjusting the latter to the same degree of acidity as the 
unknown solutions. 

DETERMINATION OF NICKEL AS THE CHLORIDE IN CONCENTRATED 
HYDROCHLORIC ACID 

Pure nickel chloride dissolved in concentrated hydrochloric acid 
gives a yellow solution, the intensity of which is proportional to the 
amount of nickel present. The maximum color is obtained in about 
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30 per cent hydrochloric acid or stronger. ® Hence, all solutions and 
dilutions must be made with hydrochloric acid of at least 30 per cent 
strength. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. Must be free of copper, cobalt, 
iron, and nickel. 

2. Concentrated nitric acid, sp. gr. 1.42. 

3. Standard nickel solution. Dissolve 4.9554 grams of Cu-, Co-, 
and Fe-free nickel nitrate, Ni(N 03 ) 2 - 6 H 20 , in concentrated hydro- 
chloric acid and evaporate almost to dryness on the water-bath. Add 
more concentrated hydrochloric acid and again evaporate almost to 
dryness. Again add more concentrated hydrochloric acid and evap- 
orate. Be certain that all nitric acid has been expelled. Finally, dis- 
solve the residue and make up to 500 cc. with concentrated hydro- 
chloric acid. Thoroughly mix. This solution contains 2 mg. of 
nickel per cubic centimeter. 

Procedure.—Dissolve about 0.2 gram of the nickel alloy in con- 
centrated nitric acid, evaporate almost to dryness three times on the 
water-bath with concentrated hydrochloric acid, dissolve in about 3 
drops of hydrochloric acid (1 : 1), transfer to a colorimeter tube, and 
dilute to 50 or 100 cc. with concentrated hydrochloric acid, depending 
upon the depth of color. If cobalt is absent, the comparison may be 
made by the balancing method. A green tinge indicates the presence 
of cobalt. In this case, use the method of dilution, the solution of 
sample being diluted with concentrated hydrochloric acid. The 
standard is given the same green tinge as that of the sample by adding 
standard cobalt solution. The amount of standard cobalt solution 
required is a measure of the cobalt content of the sample. 

Notes. 

1. A series of standards is not advisable since in the determination 
there are usually two variables: (1) the amount of nickel solution used 
in the pure acid and (2) the amount of cobalt solution added to the 
nickel solution. 

2. The nickel must always be in concentrated hydrochloric acid or 
the yellow color will turn to green. Also, the cobalt must always be 
in the concentrated acid or the blue color will turn to pink. 

® C. Hiittner, Z. anorg. Chem., 86, 341 (1914). 
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3. The 0.2 gram sample taken in the above procedure is for alloys 
and ores containing from 0.1 to 10 per cent of nickel. If the nickel 
content is less than 0.1 per cent, a larger sample should be used. 

4. Copper and iron interfere. The copper is precipitated with 
hydrogen sulfide, the excess hydrogen sulfide boiled off, the iron oxi- 
dized and then precipitated as the basic acetate. Sodium chloride 
does not interfere. Nitric acid and free chlorine must not be present. 

5 . Since nitric acid must be removed by repeated evaporations 
with concentrated hydrochloric acid, the sample should be dissolved 
in the latter, if possible. Unfortunately, this is usually not possible 
and nitric acid must be used. 

6. The nickel and cobalt may be separated together electrolytically, 
dissolved and treated as given in the procedure above. 



CHAPTER XXVI 


NITROGEN 

(Ammonia, Nitrite, and Nitrate) 

DETERMINATION OF AMMONIA BY NESSLER’S REAGENT 

Nessler’s' reagent is an alkaline solution of potassium mercuric 
iodide, K 2 Hgl 4 . This reagent reacts with ammonia or ammonium 
salts to form an orange-colored complex compound of the composition 
HgO-Hg(NH 2 )I. The reaction is an extremely delicate test for 
ammonia and ammonium salts. If the solution contains more than a 
few milligrams of ammonia per 100 cc., a distinct orange precipitate is 
formed; smaller concentrations produce a yellow to brown colored 
solution. 

Reagents. 

1. Nessler’s reagent. ^ Dissolve 2.5 grams of potassium iodide in 
3 cc. of water, add 3.5 grams of mercuric iodide and stir until solution 
is complete. Then add 100 grams of a 15 per cent solution of potas- 
sium hydroxide, mix, allow to settle, and decant the clear supernatant 
liquid. If the reagent is needed at once, add a little talc and filter 
through a column of clean, finely divided sand. Keep the solution in 
the dark. 

2. Rochelle salt. Dissolve 50 grams of Rochelle salt, KNaC4H406, 
in 100 cc. of water and add 5 cc. of the Nessler reagent as a preserva- 
tive. 

3. Standard ammonium chloride solution. Dissolve 0.3141 gram 
of pure ammonium chloride in water, dilute to a liter, and thoroughly 
mix. One cubic centimeter of this solution contains 0.1 mg. of 
ammonia. 

Procedure.— Add 3 cc. of the Rochelle salt solution and 3 cc. of 
Nessler’s reagent to 100 cc. of the sample. A yellow to brown color 

^ J. Nessler, Chem. Gaz,, 1856, 446. 

* G. Frerichs and E. Mannheim, Apoth. Ztg., 29, 972 (1914), 
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appears at once. Match the color against a series of standards, by 
the dilution or balancing method, or by the method of duplication. 

A standard for the methods of balancing and duplication may be 
prepared by adding 20 cc. of the Rochelle salt solution and 20 cc. of 
Nessler’s reagent to 100 cc. of the standard ammonium chloride solu- 
tion and diluting to a liter. One cubic centimeter of this standard 
contains 0.01 mg. of ammonia. In case this standard is too concen- 
trated, dilute it to one-fifth or to one-tenth of its strength. 

Notes. 

1. Calcium and magnesium are precipitated by Nesslcr’s reagent 
and, hence, would interfere with the analysis. They may be removed 
by precipitating in the usual way and filtering, but it is more con- 
\ cnicnt to add Rochelle salt which holds them in solution. 

2. The yellow to brown color produced by the reaction of ammonia 
with Nessler’s reagent is fairly stable. 

3. J. H. Robertson and A. Hisey^ have recently made an extensive 
experimental study on the nature of the Nessler color and conclude 
that it is due to colloidally dispersed particles in suspension and not in 
true solution. 

DETERMINATION OF AMMONIA BY PHENOL AND SODIUM 
HYPOCHLORITE 

When phenol and sodium hypochlorite are added to a solution 
containing an ammonium salt an intense blue coloration is produced. 
The reaction is said to be as sensitive as the Nessler test but docs not 
permit as great an accuracy."^ 

Reagents. 

1. Sodium hypochlorite. Use a dilute solution of NaOCl. 

2. Phenol, 4 per cent. 

3. Standard ammonium chloride solution. Dissolve 0.3141 gram 
of purified ammonium chloride in water, dilute to a- liter and thor- 
oughly mix. Dilute 10 cc. of this solution to 100 cc. and mix. The 
diluted solution contains 0.01 mg. of ammonia per cubic centimeter. 

Procedure. — Place 5 cc. of the sample in a tube, add 1 cc. of dilute 
sodium hypochlorite solution, 1 cc. of the phenol solution, dilute to 

® Private communication from Dr. J. H. Robertson. 

* P. Thomas, Bull. soc. chim., 11 , 796; G. E. Foxwell, Gas World, No. 1654 (Cook- 
ing Section), 10 (1916), 
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10 cc., mix, and heat for 2 minutes by placing the tube in boiling water. 
Heating brings out the maximum intensity of color. Match the color 
against a series of standards, or by the methods of balancing and 
dilution. To prepare a standard suitable for the two latter methods, 
add 5 cc. of the sodium hypochlorite solution and 5 cc. of the phenol 
solution to 10 cc. of the ammonium chloride (0.3141 gram NH4CI per 
liter) solution, dilute to a liter, and thoroughly mix. One cubic centi- 
meter of this standard contains 0.001 mg. of ammonia. 

Notes. 

1. Matching the color by the method of duplication is not very 
satisfactory. 

2. Calcium docs not interfere with the analysis. A large amount of 
free acid must be avoided. 

3. The above procedure will detect as little as 0.0001 mg. of ammo- 
nia in the 5 cc. sample taken. 

DETERMINATION OF NITRITE BY SULFANILIC ACID 
AND a-NAPHTHYLAMINE 

When a mixture of acetic acid solutions of sulfanilic acid and 
a-naphthylamine is added to a solution containing nitrile, a red color- 
ation appears which gradually darkens on standing. The maximum 
intensity requires several hours and sometimes several days, but a 
satisfactory color comparison may be made after about 5 minutes, 
provided the sample and standard are treated at the same time. 

Reagents. 

1. Sulfanilic acid. Add 1 gram of sulfanilic acid to 14.7 grams of 
glacial acetic acid and 15 cc. of water. Warm until solution is com- 
plete and dilute by adding 270 cc. of water. Stir while diluting. 

2. a-Naphdiylamine. Add 0.2 gram of a-naphthylamine to 14.7 
grams of glacial acetic acid and 25 cc. of water. Warm until solution 
is complete and dilute with 300 cc. of water. Stir while diluting. 

3. Standard nitrite solution. Dissolve 0.0493 gram of purified 
sodium nitrite in water and dilute to 100 cc. Thoroughly mix. Add 
10 cc. of this solution to 90 cc. of concentrated sulfuric acid and mix. 
One cubic centimeter of the nitrosyl sulfuric acid contains 0.01 mg. of 
nitrogen. 

® F. D. Snell, Colorimetric Analysis, p. 120, D. Van Nostrand Co., New York, 1921, 
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Procedure. — Place 20 cc. of the sample in a Nessler tube and 18 cc. 
of distilled water in a second Nessler tube. Add to the water an 
amount of standard nitrite solution estimated to be the amount present 
in the sample. Then to each Nessler tube add 3 cc. of a freshly pre- 
pared mixture of the sulfanilic acid and a-naphthylamine reagents, mix 
the contents of the tubes, allow to stand 5 minutes and compare their 
colors. If they are not identical, repeat the analysis, using a standard 
containing the amount of nitrite estimated to be in the sample. After 
a little experience, the operator can estimate fairly closely the amount 
of nitrite to take for the second test. 

Note.— The nitrous acid converts the sulfanilic acid into the corre- 
sponding diazo compound and the latter reacts with the a-naphthyla- 
mine to form a red azo dye.^' As mentioned above, the formation of 
the red color requires several hours or even days to reach its maximum 
intensity but a satisfactory depth of color is obtained in 5 minutes. 
Hence, by treating the sample and standard at the same time and 
keeping the conditions (temperature, volume of reagents, etc.) identi- 
cal, a comparison may be made in 5 minutes after adding the 
reagents. 

DETERMINATION OF NITRITE EY a-NAPHTHYLAMINE 
HYDROCHLORIDE 

This method is based upon the color reaction between nitrous acid 
and a solution of a-naphthylamine hydrochloride and tartaric acid. 
It is necessary that the test solution contain not more than 0.15 mg. 
of nitrous acid per liter, otherwise the reagent will produce a precipi- 
tate. 

Reagents. 

1 . «-Naphthylaminc hydrochloride reagent. Dissolve 5 grams of 
a-naphthylamine hydrochloride in 50 grams of concentrated sulfuric 
acid containing 445 grams of tartaric acid. This solution is perfectly 
stable. 

2 . Standard nitrite solution. Dissolve 0.4926 gram of purified 
sodium nitrite in water, dilute to a liter, and mix thoroughly. Ten 
cubic centimeters of this solution are then diluted to a liter and mixed. 
This solution contains 0.001 mg. of nitrogen per cubic centimeter 
(corresponding to 0.00328 gram of NO 2 or 0.00443 gram of NO 3 ). 

» Fowler, Sewage Works Analyses, p. 64. John Wiley & Sons, New York. 

7G. Romijn, Chem. Wcckblad, 11, 115 (1014). 
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Procedure.— Place 50 cc. of the sample in a comparison cylinder, 
add 1 cc. of the a-naphthylamine reagent, mix and match the color 
by the method of duplication, balancing, or dilution. In case the 
sample contains more than 0.15 mg. of nitrous acid per liter, it must 
be diluted and an aliquot part taken for analysis. With very dilute 
samples, 100 cc. may be used for the analysis. 

To prepare a standard for the balancing or dilution method, dilute 
1 cc. of the standard (containing 0.4926 gram of sodium nitrite per liter) 
with 800 to 900 cc. of water, add 1 cc. of the reagent, dilute to a liter, 
and mix thoroughly. One cubic centimeter of this standard contains 

0.0001 mg. of nitrogen. 

Note. — A series of standards is not recommended on account of 
the delicacy of the test. 

DETERMINATION OF NITRITE BY METAPHENYLENEDIAMINE 

The method is based upon the formation of triaminoazobenzene 
(Bismarck brown) by the action of nitrous acid on metaphenylenedia- 
mine. ^ The color varies from yellow to yellowish brown, depending 
upon the amount of nitrous acid present. 

Reagents. 

1. Sulfuric acid, 6 N. 

2. Metaphenylencdiaminc. Dissolve 5 grams of mctaphenlenedia- 
mine in water, make the solution distinctly acid with sulfuric acid 
and dilute to a liter. In case the solution is not colorless, decolorize 
with animal charcoal, 

3. Standard nitrite solution. Dissolve 0.0493 gram of purified 
sodium nitrite in water, dilute to 100 cc. and thoroughly mix. Dilute 
10 cc. of this solution with 90 cc. of sulfuric acid, sp. gr. 1.84. One 
cubic centimeter of this nitrosyl sulfuric acid contains 0.01 mg. of 
nitrogen. 

Procedure. — Place 100 cc. of the sample in a Nessler cylinder and 
add a mixture of 2 cc. of 6 N sulfuric acid and 1 cc. of the metapheny- 
lenediamine reagent. Mix and compare against a series of standards 
prepared with measured quantities of the nitrosyl sulfuric acid diluted 
to 100 cc. before adding the reagent. 

*P. Griess, Her., 11, 624 (1878). 
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If it is desirca to make the color comparison by the method of bal- 
ancing or that of dilution, a convenient standard may be prepared by 
treating 10 cc. of the standard nitrosyl sulfuric acid solution with 2 cc. 
of the reagent, diluting to 100 cc. and mixing. This gives a standard 
solution containing 0.001 mg. of nitrogen per cubic centimeter. 

Since Bismarck brown is formed very quickly, the method of 
duplication may also be used. 

DETERMINATION OF NITRITE BY DIMETHYLANILINE » 

When a solution of dimclhylaniline in dilute hydrochloric acid is 
added to a solution containing nitrite, a yellow color develops in from 
15 to 30 minutes. The color is due to the fonnation of />-nitrosodi- 
mcthylaniline and its intensity is proportional to the nitrite content 
of the original solution. Nitrates do not interfere and the reaction 
will detect 1 part of nitrous acid in 1,000,000 parts of solution. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Dime thy lanilinc. Dissolve 8 grams of dimethylaniline in 100 
cc. of 4 per cent hydrochloric acid solution. 

3. Standard nitrite solution. Dissolve 0.0493 gram of pure sodium 
nitrite in water, dilute to a liter, and mix thoroughly. The solution 
contains 0.01 mg. of nitrogen per cubic centimeter. 

Procedure.— Place 50 cc. of the sample in a colorimeter tube, add 
1 drop of concentrated hydrochloric acid, 3 drops of dimethylaniline 
reagent, mix, and in 15 to 30 minutes compare the color against a 
standard nitrite solution prepared similarly. 

Note.— The sample and standard should be treated simultaneously 
to avoid any difference in depth of color due to a difference in the 
time of standing before comparing. 

DETERMINATION OF NITRITE BY ANTIPYRIN 

This method is based upon the green coloration produced when 
an acetic acid solution of antipyrin is added to a solution containing 
nitrite. One part of nitrous acid in 20,000 parts of solution will give a 
green coloration. 

9E. H. Miller, .Analyst, 37, S45 (1912). 

^‘’M. C. Schuyten, Chem. Ztg., 20, 722 (1896), 
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Reagents. 

1 . Antipyrin. Use a 10 per cent solution in acetic acid. Dilute 
with water to a 1 per cent solution as needed. 

2 . Standard nitrite solution. Dissolve 0.049v3 gram of pure sodium 
nitrite in water, dilute to a liter, and thoroughly mix. One cubic 
centimeter of this solution contains 0.01 mg. of nitrite nitrogen. 

Procedure. — Add 5 cc. of 1 per cent antipyrin reagent to 5 cc. of 
the sample and match the green color thus produced against a series 
of standard nitrite solutions similarly treated. 

Note. — The presence of heavy metals or of organic matter docs 
not interfere with the reaction, but the green color changes at once to 
yellow if ferric salts, or free hydrochloric or sulfuric acids are present. 

DETERMINATION OF NITRITE BY ZINC IODIDE STARCH SOLUTION 

When zinc iodidd starch solution is added to a solution containing 
nitrous acid, a blue color develops whose intensity is proportional to 
the amount of nitrous acid present. The nitrous acid liberates 
iodine which in turn forms the characteristic starch-iodide blue. 

Reagents. 

1 . Sulfuric acid, 6 N. 

2 . Zinc iodide starch solution. Twenty grams of stannous chloride 
and 5 grams of starch arc added to 100 cc. of water and the mixture 
boiled for several hours until the starch has been thoroughly disinte- 
grated. A little water is added from time to time to replace that 
lost by evaporation. Add 2 grams of zinc iodide, dilute to a liter and 
allow the solution to stand a week or two and decant the clear super- 
natant liquid as needed. 

3. Standard nitrite solution. Dissolve 0.4926 gram of purified 
sodium nitrite in water, dilute to 4 liter, and thoroughly mix. Ten 
cubic centimeters of this solution are diluted to a liter and thoroughly 
mixed. One cubic centimeter of the dilute solution contains 0.001 
mg. of nitrogen (corresponding to 0.00328 gram of NO 2 or 0.00443 
gram of NO3) . 

Procedure. Place 50 cc. of the sample in a comparison tube, 
acidify with 2 cc. of 6 N sulfuric acid, add 4 cc. of the zinc iodide starch 
solution, and mix. The color of the solution may be matched against 
a series of standards similarly prepared or by the method of dilution 
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or balancing. The standard for the latter two methods is prepared by 
adding 800 to 900 cc. of water to 10 cc. of nitrite solution containing 

0.4926 gram of sodium nitrite per liter, then adding 15 cc. of the zinc 
starch iodide solution, and finally diluting to a liter and mixing. 

Notes. 

1. Matching the colors by the method of duplication is not advis- 
able on account of the time required for the color to develop. If the 
solutions are placed in the sunlight the color develops more rapidly. 

2. The zinc iodide starch method has been estimated to be twenty 
times more sensitive than the metaphenylenediamine reaction. ’ ^ 
(See page 310.) 

A blue color will appear within 7 minutes If 0.00025 mg. of nitrous 
acid is present in the 50 cc. sample taken. 


DETERMINATION OF NITRATE BY PHENOLDISULFONIC ACID 

When phenoldisulfonic acid is added to a solution containing a 
minute quantity of nitrate a yellow coloration is produced, the inten- 
sity of which is proportional to the nitrate content. The method is 
especially adapted to water analysis and has l)een adopted by the 
American Public Health Association. The following paragraphs on 
“ Reagents ” and “ Procedure ” have been taken from the A. P. H. A. 
“ Standard Methods.” 

Reagents. 

1 . Phenoldisulfonic acid. “ Dissolve 25 grams of pure white phenol 
in 150 cc. of pure concentrated sulfuric acid. Add 75 cc. of fuming sul- 
furic acid (15 per cent SOa), stir well, and heat for 2 hours at about 
100° C.” 

2. Potassium hydroxide solution. ” Prepare an apt)TUximately 0. 1 2 
N solution, 10 cc. of which will neutralize about 4 cc. of the phenoldi- 
sulfonic acid.” 

3. Standard nitrate solution. “Dissolve 0.7215 gram of pure 
"Analyst, 39, 350 (1914). 

E. M. Chamot and D. S. Pratt, J. Am. Chem. Soc., 31, 922 (1909); ibid., 32, 630 
(1910); and H. W. Redficld, ibid., 33, 366; 381 (1911). 

Standard Methods for the Examination of Water and Sewage, 6th cd., p. 20. Ameri- 
can Public Health Association, New York, 1925. 
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recrystallized potassium nitrate in I liter of distilled water. Evap- 
orate 50 cc. of this solution to dryness on the water-bath. Moisten 
the residue quickly and thoroughly with 2 cc. of phenoldisulfonic 
acid, and rub with a glass rod to insure intimate contact. Dilute 
to 500 cc. This is the standard solution, 1 cc. of which contains 0.01 
mg. of nitrate nitrogen, or 0.04427 mg. of NO 3 .'’ 

4. Standard silver sulfate solution. “ Dissolve 4.397 grams of silver 
sulfate free from nitrate in 1 liter of water: 1 cc. of this solution is 
equivalent to 1 mg. of chloride radical.” 

Procedure. — ^‘^The alkalinity, chloride, nitrite content, and color of 
the sample must be first determined. If the sample is highly colored, 
decolorize it with freshly precipitated aluminum hydroxide. Measure 
into an evaporating dish 100 cc. of the sample: a smaller volume may 
be used unless the amount of nittate is low, and in any case the volume 
of sample should be such that the nitrate nitrogen does not exceed 1 mg. 
Add sufiicient 0.02 N sulfuric acid nearly to neutralize the alkalinity. 
Then add to the cold solution sufiicient standard silver sulfate solution 
to precipitate all but about 0.1 mg. of chloride. The removal of 
chloride may be omitted if the sample contains less than 30 parts per 
million of chloride. To the mixture add a little aluminum hydroxide, 
stir very thoroughly, allow to stand for a few minutes, filter and wash 
with distilled water. Most waters, if heated with silver sulfate solu- 
tion, suffer an appreciable loss of nitrate nitrogen. Evaporate the 
filtrate to dryness, add 2 cc. of disulfonic acid solution, rubbing with a 
glass rod to insure intimate contact. If the residue becomes packed or 
appears vitreous because of the pre.sence of much iron, heat the dish 
on the water-bath for a few minutes. Dilute the mixture with dis- 
tilled water and add slowly a strong solution of potassium hydroxide 
until the maximum color is developed. Transfer the solution to a 
Nessler tube, filtering if necessary. If nitrate is present a yellow color 
will appear. Compare the color with that of standards'^ made by 
adding 2 cc. of strong potassium hydroxide to various volumes of 
standard nitrate solution and diluting them to 50 cc. in Nessler tubes; 
the following volumes of standard nitrate solution are suggested: 
0.1, 0.3, 0.5, 0.7, 1.0, 3, 5, 10, 20, 30, 40, 50 cc., yielding standards con- 
taining 0.001 to 0.5 mg. nitrogen. These standards may be kept sev- 
eral weeks without deterioration. 

’*D. D. Jackson, Tech. Quart., 13, 314 (1900); L. M. Kendall and E. H. Richards, 
ibid., 17, 277 (1904). 
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“Standards prepared from tripotassium nitrophenol disulfonate 
will remain permanent for several years if stored in the dark. 

“If nitrite nitrogen is present in excess of 1 part per million, it 
should be removed by heating the samples a few minutes with a few 
drops of hydrogen peroxide, free from nitrate, repeatedly added, 
or dilute potassium permanganate may be added until a faint pink 
coloration persists; the nitrogen equivalent of the nitrite thus oxidized 
to nitrate is then subtracted from the final nitrogen reading.” 

Notes. 

1. When chlorides are present in the water, Gericke^ " recommends 
the following modified procedure in order to avoid loss of nitrates, 
which in the above method is due to the action of acid added to the 
dry salt after evaporation to dryness: ” do the sample, placed in a 
casserole or beaker, 1.5 cc. of concentrated sulfuric acid are added 
with constant stirring, then 2 cc. of phenoldisulfonic acid reagent. 
The casserole is then placed on a water-bath, and most of the solution 
evaporated at the ordinary temperature of the water-bath. The last 
part of the evaporation, however, should be performed at a tempera- 
ture preferably not over 70° C. 

“ The evaporation should proceed until the original solution is 
concentrated to a quantity varying from 6 or 7 to 12 or 14 cc. The 
point to which evaporation must be continued is determined by the 
amount of nitrates in the original solution; for a low nitrate content 
a greater concentration of the original solution will be necessary. 
The proper concentration is determined by the color of the solution, 
which resembles that of phenoldisulfonic acid, slightly tinged with 
yellow. This condition will come, and final evaporation be attained 
at about the time that acid, due to the presence of chlorine, can be 
detected in the evaporating vapors. The important thing to observe 
in this modification is to bring about the final evaporation at a rela- 
tively low temperature. In no case should the solution be materially 
colored and turbid, although it may be somewhat darkened. A col- 
ored solution will result in an off tint when the alkali is added and will 
necessarily interfere with the accuracy of the determination. When 
the evaporation of the solution to its proper concentration has been 

Chamot and Pratt, loc. cit. 

R. R. Tatlock and R. T. Thomson, J. Soc. Chem. Ind., 23, 428 (1904). 

IT J. Ind. Eng. Chem., 9, 585 (1917). 
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accomplished, about 50 cc. or more of water are added; the solution is 
then neutralized with an alkali, care being taken to avoid the forma- 
tion of excessive temperature when the acid is neutralized. The solu- 
tion is then placed in the colorimeter and compared with a standard 
previously prepared. ... In cases of very low nitrate and high salt 
content, evaporation of the solution to its proper concentration should 
be performed at a much reduced temperature and preferably under 
partial vacuum, in order to reduce the action of acids on the salts.” 

2. Nichols*^ recommends adding a saturated solution of ammo- 
nium chloride after neutralization of the excess acid and before the 
final dilution. The ammonium salt holds the magnesium in solution 
and, hence, makes it unnecessary to filter in the absence of ferric 
hydroxide. 

DETERMINATION OF NITRATE BY DIPHENYLBENZIDINE 

It is well known that a solution of diphcnylamine in sulfuric acid 
is a delicate reagent for detecting small amounts of nitrates, ^ ^ a deep 
blue solution being formed. As a ({uantitative reagent, however, it is 
not satisfactory on account of the difficulty in controlling the reaction 
so as to give uniform results. Diphenylbenzidine, on the contrary, 
may be similarly employed as a quantitative reagent. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. Be certain that the acid is free of 
nitrous and nitric acids. 

2. Diphenylbenzidine. Prepare according to Wieland-^ and pur- 
ify by recrystallization until the correct melting point (242°) is ob- 
tained. 

Dissolve 0.5 gram of the purified diphenylbenzidine in 50 cc. of 
pure sulfuric acid. A fresh solution should be made up about once a 
week, since such solutions gradually turn blue. 

3. Standard nitrate solution. Dissolve 0.3608 gram of pure potas- 
sium nitrate in water, dilute to a liter, and thoroughly mix. Dilute 
10 cc. of this solution to 100 cc. and mix. One cubic centimeter of the 
diluted solution contains 0.005 mg. of nitrogen. 

>* J. Ind. Eng. Chern,, 9, 586 (1917). 

i»E. Kopp, Ber., 6, 284 (1872). 

2° Ber., 46, 3300 (1913). 
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Procedure. — The sample should contain between 0.0005 and 

0.005 mg. of nitrogen. The volume of the sample is adjusted to 5 cc., 
if necessary, and to it are added 12 cc. of sulfuric acid, sp. gr. 1.84, 
and the solution placed in a cold water-bath to cool. When cool, 
add 3 cc. of the diphenylbenzidine reagent, mi.x gently with a glass 
rod, let stand 10 minutes, and match the color against a series of 
standards similarly prepared along with the sample, using measured 
amounts of the standard nitrate solution. Let the solutions stand 
an hour at a uniform temperature and again match the color of the 
sample. 

Notes. 

1 . The temperature, proportion of the nitrate solution and reagents, 
and the time allowed to elapse after mixing the reagents with the solu- 
tion should be kept as uniform as possible and the same for both 
sample and standard. 

2. When both nitrite and nitrate are to be determined, oxidize « 
with potassium permanganate and estimate the total nitrogen as 
nitrate. By subtracting the nitrate nitrogen from the total nitrogen, 
the nitrite nitrogen is obtained. 

DETERMINATION OF NITRATE BY REDUCTION AND NESSLERIZATION 

This is one of the methods for nitrate adopted by the American 
Public Health Association. The method of preparing the reagents and 
the procedure are taken from “ Standard Methods for the Examina- 
tion of Water and Sewage,” 6th ed., p. 21, New York, 1925. 

Reagents. 

1. Sodium or potassium hydroxide. Dissolve 250 grams of the 
hydroxide in 1.25 liter of distilled water. Add several strips of 
aluminum foil and allow the evolution of hydrogen to continue over- 
night. Concentrate the solution to 1 liter by boiling. 

2. Aluminum foil. Use strips of pure aluminum about 10 cm. 
long, 6 mm. wide, and 0.33 mm. thick, weighing about 0.5 g. 

Procedure.— “To 100 cc. or less of the sample in a 300 cc. casserole 
add 2 cc. of the hydroxide solution and concentrate by boiling to 
about 20 cc. Pour the contents of the casserole into a test tube 
about 16 cm. long and 3 cm. in diameter, of approximately 100 cc. 
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capacity. Rinse the casserole several times with nitrogen-free water 
and add the rinse water to the liquid already in the tube, thus making 
the contents of the tube approximately 75 cc. Add a strip of alum- 
inum foil; close the tube by means of a rubber stopper through 
which passes a bent glass tube about 5 mm. in diameter. Put the 
.shorter arm of the tube through flush with the lower side of the rubber 
stopper and let the longer arm extend below the surface of distilled 
water in another test tube. This apparatus serves as a trap through 
which evolved hydrogen escapes freely. The .small amount of ammo- 
nia escaping into the trap may be neglected. Allow the action to 
proceed for a minhnum period of 4 hours, or overnight. Pour the 
contents of the tube into a distilling flask, dilute with 250 cc. of 
ammonia-free water, distill and collect the distillate in a 200 cc. flask, 
and Ncsslerize an aliquot part. If the supernatant liquid in the 
reduction tube is clear and colorless, the solution may be diluted to a 
definite volume and an aliquot part Nesslerized without distillation.” 

RKFERENCKS 

1. A. Ilazcn, Chem. News, W, 162 (1891), 

2. E. Bartow and J. S. Rogers, Am. J. Pub. Hygiene, new ser., 5, 536 (1909); also Univ. 

111. Bull., 7, No. 2 (Water Survey Series, 7), 14 (1909). 

DETERMINATION OF NITRATE BY BRUCINE 

When brucine is added to a solution of a nitrate in the presence of 
sulfuric acid the solution turns an orange-red color but changes to 
yellow. The intensity of the yellow color is proportional to the 
nitrate content of the solution. If a nitrite is present, the solution 
must be made sufficiently acid, otherwise the nitrite will produce a 
yellow color. 

The method is used in the analysis of water, sewage, acids, salts, 
etc. 


Reagents. * 

1. Sulfuric acid, sp. gr. 1.84. 

2. Brucine. Use a concentrated solution. 

3. Standard nitrate solution. Dissolve 0.1872 gram of pure 
potassium nitrate in water, dilute to a liter, and thoroughly mix. One 
cubic centimeter of this solution contains 0.1 mg. of N2O5, 0.115 mg. 
of NO3, or 0.026 mg. of nitrogen. 

L. N. Winkler, Chem. Ztg., 23, 454 (1899); 26, 586 (1901). 
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Procedure. — The sample taken for analysis should contain between 

0.01 and 0.2 mg. of nitric acid. If a solid, it is dissolved in water and 
diluted to about 20 cc., if a liquid, a measured volume of the sub- 
stance is adjusted to about 20 cc. To the sample solution in a Nessler 
cylinder add 1 cc. of a concentrated brucine solution and 30 cc. of sul- 
furic acid, sp. gr. 1.84, taking care to add the acid slowly down the side 
of the tube so as not to bring the solution to a boil, thereby causing a 
loss of nitric acid. The sulfuric acid brings out the color, at first an 
orange yellow, then a sulfur yellow. The color comparison is most 
conveniently made by the method of duplication. For this, use 15 cc. 
of water and 5 cc. of concentrated sulfuric acid as the blank. This 
should be colorless; if not, reject it, and make up a blank with purified 
sulfuric acid. 

Notes. 

1 . If the solutions arc allowed to cool, the color change will be slow. 

In this case, gently warm the solutions over a flame. 

2. The test solution must contain at least 2 parts of sulfuric acid ‘ 
to 1 of water, otherwise nitrous acid will produce a color. If it is 
desired to determine both nitrous and nitric acid, adjust the solution 
so that it contains one part of sulfuric acid to two parts of water. 

3. If the sample contains ferrous iron or organic matter, these 
must be oxidized with permanganate solution. The permanganate 
solution is added, drop by drop, until the j)alcst pink color remains 
in the sample solution. It must be remembered that this treatment 
will also oxidize any nitrous acid present. Hence, if it is desired to 
obtain both acids, the nitrous acid must be obtained in a separate 
sample. Calculate the nitrous acid to nitric acid and subtract the 
result from the total nitric acid found in the oxidized sample. This 
gives the amount of nitric acid present in the original sample. 

4. If the sample under examination is sulfuric acid, then 10 cc. of 
water and 10 cc. of acid are used instead of the 30 cc. of concentrated 
sulfuric acid used for other substances. 

DETERMINATION OF NITRATE BY PYROOALLOL « 

This method is suitable for a quick and approximate estimate 
of the amount of nitrate in sewage effluent and in water. With prac- 
tice, the operator can estimate fairly accurately the amount of nitrate' 
present. 

Report of the Royal Commission on Sewage Disposal, Vol, IV, Part V., p. 23. 
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Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Pyrogallol. 

3. Sodium chloride, powdered. 

4. Standard nitrate solution. Dissolve 0.1872 gram of potassium 
nitrate in water, dilute to a liter, and thoroughly mix. One cubic 
centimeter of this solution contains 0.1 mg. of N20rj or 0.115 mg. of 
NOa. 

Procedure.— Place 10 cc. of the sample in a test tube, add about 

0.2 gram of pyrogallol and thoroughly mix. Then introduce 2 cc. of 
.sulfuric acid, sp. gr. 1.84, so that it runs down the side of the tube and 
forms a layer at the bottom. Before allowing the acid to flow, have 
the tip of the pipette inserted just below the surface of the liquid. Next 
add about 0.1 gram of powdered sodium chloride. This causes an 
effervescence at the juncture of the two liquid layers and the formation 
of a purple ring. The amount of nitrate is proportional to the inten- 
sity and size of the purple ring. After experience, the operator can 
guess fairly well the amount of nitrate present. This is then checked 
against a standard containing the amount of nitrate estimated to be 
in the sample. 


DETERMINATION OF NITRATE BY STRYCHNINE SULFATE 

Method of Scales and Harrison 

A specially prepared strychnine sulfate reagent is mixed with the 
test solution and concentrated sulfuric acid then added. Upon mix- 
ing, a rose color develops if nitrate is present. With very weak solu- 
tions of nitrates it may require about 30 minutes for the color to 
develop, but stronger ones give a color in a few minutes. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Reduced strychnine. It is better to purchase the strychnine 
sulfate for this reagent in 5 gram bottles and to keep it well protected 
from contact with the air. Equal volumes of a 0.5 per cent solution 
of strychnine sulfate in concentrated hydrochloric acid and a 0.1 per 
cent solution of mercuric chloride in distilled water are mixed. Twenty- 

^Hnd. Eng. Chem., 16, 571 (1924); cf. Denig^s, Bull. soc. chim. [4], 9, 544 (1911). 



DETERMINATION OF NITRATE BY STRYCHNINE SULFATE 321 


five cubic centimeters of this mixture are poured cautiously over 1 
gram of magnesium powder in a 300 cc. Erlenmeyer flask. The reac- 
tion is almost violent. Three or more flasks are prepared in this way, 
then combined, and when cool the liquid is filtered or decanted and is 
ready for use. It is better to make several reductions in this way and 
combine them than to make up the reagent in larger quantity, as it is 
safer and at the same time neutralizes any variations in the reduction. 
The reduced strychnine should be used within a few hours. 

3. Standard nitrate solution. Dissolve 6.07 grams of pure sodium 
nitrate in water, dilute to a liter, and thoroughly mbc. One cubic 
centimeter of this solution contains 1 mg. of nitrate nitrogen. Dilute 
this stock solution to any desired concentration. 

Apparatus. A dark box is employed, made in the form of a 
solid block of wood 38 cm. square, 15 cm. thick, with 100 holes 2.5 cm. 
in diameter and 11.5 cm. deep, to accommodate ten rows of tubes. 
It has a hinged cover and is finished in black. The tubes should be of 
uniform size and color. Very satisfactory dimensions are 13 X 1.5 
cm. A burette of 100 cc. capacity with a cock and tip of 4 mm. bore is 
used for the rapid delivery of concentrated sulfuric acid. 

Procedure.— Extract the substances containing nitrate in any 
satisfactory way. Dilute the extracts in varying amounts, as 50 
times, 100 times, 300 times, etc. Run 1 cc. of the reagent into each 
tube in the first two rows in the dark box. 

Measure out into the first row 5 cc. quantities of known standard 
nitrate solutions, varying consecutively in concentration, as from 0.0 1 
mg. to 0.10 mg. nitrogen as nitrate per liter. Into the next row 
measure out 5 cc. quantities of the lowest dilution of the first nine 
extracts, running 5 cc. of water only into the tenth tube. Now, add 
as rapidly as safety will permit exactly 5 cc. concentrated sulfuric acid 
to all twenty tubes, avoiding any evolution of gas, then agitate imme- 
diately by pouring each solution carefully into another tube, and 
quickly replace it in the box. Run the reagent into the next two rows 
and proceed as above, using this time the next highest dilution of the 
unknowns of the first set, making the tenth tube one of water only, as 
before. 

Prepare the next two rows similarly, starting with new unknowns 
or higher dilutions of the previous ones as the case may warrant, and 
continue, always completing two rows at a time. Standards and 
unknowns must be run parallel in this way, as it is of the utmost 
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importance to compare unknowns and standards to which the sulfuric 
acid has been added at the same time. 

The colors may be read as soon as they develop, which should be 
but a few minutes for the stronger ones, and not more than half an 
hour for the weaker ones. The tubes darken in color the longer they 
stand, if not exposed to light, but are still comparable. Light causes 
the color to fade. 

The unknowns are compared with the standards, the color being 
observed either across or down through the tubes. The strength of 
nitrate in the tube of standard which checks with the unknown is 
taken for the reading, i?. This, multiplied by the dilution, D, of the 
unknown gives the corresponding reading for an undiluted sample. 
This reading is in milligrams per liter (parts per million). To convert 
to percentage, divide by 1,000,000 : 100, i.e., 10,000; thus the formula 
R X D 

gives the per cent nitrogen as nitrate in the undiluted extract, 

10,000 ^ 

where R is the reading in milligrams per liter, and D is the dilution. 

Notes. 

1. The addition of a small quantity of lead, zinc, or mercuric 
chloride increases the sensitiveness of the strychnine reagent very 
much. The 0.05 per cent of mercuric chloride used above gives a 
reagent sensitive to I part in 100 millions. Without the chloride, the 
sensitivity is 1 part in 5 millions. Instead of 0.05 per cent of mer- 
curic chloride, 0.5 per cent of zinc chloride or 0.001 per cent of lead 
chloride may be used. It is possible the sensitizing action of the 
mercuric and zinc chlorides may be due, in part at least, to a minute 
quantity of lead chloride present as an impurity. 

2. Great care must be taken in reducing the strychnine sulfate 
in order to obtain the same reagent each time. Zinc is an unsatis- 
factory reduchig agent because it usually contains a small amount 
of lead as an impurity. The presence of the lead gives a reagent that 
produces a color with distilled water. Magnesium is used because it 
can be obtained comparatively pure, is a vigorous reducing agent, 
and when used as directed gives a reagent that produces no color with 
distilled water. 
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OXYGEN 

(Free Oxygen, Hydrogen Peroxide, and Water) 

DETERMINATION OF DISSOLVED OXYGEN IN WATER BY 
CUPROUS AMMONIUM CHLORIDE 

Method of Ramsay and Homfray 

When ammonium hydroxide is added to water containing a little 
solid cuprous chloride, the latter dissolves, owing to the formation of 
cuprous ammonium chloride, a soluble and colorless salt. If dissolved 
oxygen is present, the cuprous salt is at once oxidized to the cupric 
condition and the cupric ions immediately form the complex cupric 
ammonia ions, [Cu(NH 3 ) 4 ]+‘'', which color the solution blue. Only a 
very small amount of cuprous chloride is sufficient to remove all the 
oxygen dissolved in the water and the intensity of the blue ammoniacal 
solution is an indirect measure of the amount of free oxygen originally 
present. 

The apparatus used is similar to Mill’s colorimeter and was devised 
by Ramsay and Homfray ' as a simple, rapid, and fairly approximate 
method of estimating dissolved oxygen in eflluents, in rivers, and in 
drinking waters. Provision is made for transference of the sample 
water from the collecting bottle to the colorimeter tube without the 
water coming in contact with air. The usual precautions in collecting 
the sample must, of course, be taken. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Ammonium hydroxide, sp. gr. 0.90. 

3. Cuprous chloride. Warm a solution of cupric chloride with 
scrap copper and decant the liquid into water. A white precipitate 

* J. Soc. Chem. Ind., 20, 1071 (1901); see also Ridcal and Stewart, Analyst, 26, 141 
(1901); Rideal, tWd., 26, 196. 

m 
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of cuprous chloride appears. Filter off the precipitate, wash it first 
with hot water, then with alcohol, and finally with ether. Dry the 
salt with the aid of a suction pump and transfer it to a stoppered black 
test tube for protection against light and moisture. The salt must not 
be used unless it is pure white, otherwise it may contain some cupric 
chloride. 

Apparatus.- -yl and B in Fig. 51 are two glass comparison- tubes, 
each 12 ins. long and 2 ins. in diameter; they are closed with movable 
caps, E\ d and d' are opal glass disks supported by brass wires, which 


C 



Fi(}. 51.— Ramsay and Ilomfray Colorimeter for Oxygen. 


slide with friction through holes in the caps, and hold the disks in any 
required position. ^ 

The tubes, are supported on a stand with a vertical brass stem, 
which IS graduated in inches and tenths. The levels of the disks and 
of the liquids in the tubes arc read off against this scale with the help 
of the horizontal leveling rod, MM, which slides along the vertical 
brass stem and can be fixed at any point by the clamp R. The bottle 
C contains the sample water or effluent. 

Just before the experiment, it is unstoppered and fitted with rubber 
corks and tubes as shown. Care must be taken that no air bubbles 
are included; the bottle is then inverted, supported on a tripod stand, 
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and connected by thick rubber tubing through a T-picce with as 
shown. 

To Fill B from C.— The clamp R is set at 0.3 division on the verti- 
cal brass stem, reading by the bottom of R. Open screw clips (), W, 
and U, and run off some water till all air is displaced from C to W, 
Close Q. Remove cap from B and pour in some paraffin. Replace cap 
and disk. Run off enough paraffin through W to displace air from tube 
B to T-piece, leaving a depth of I to 2 cm. in B. Close W and open 
the other clips. Water is thus allowed to flow quietly into the colorim- 
eter tube B until level with the rod MM. The paraffin layer rises 
above the water, acting as a liquid stopper and preventing absorption 
of atmospheric oxygen for a considerable time. 

To Fill A with Standard for Comparison. — All corrections are 
eliminated by using as a standard distilled water saturated with air, 
both being at the laboratory temperature, which must be noted, 'riie 
water is shaken in an open flask till air bubbles are seen, and is allowed 
to stand until they have disappeared. It is poured quietly into a color- 
imeter tube A till its level reaches MM. After making sure that no 
air bubbles are entrapped below the disk, a layer of paraffin is poured 
on to the water. The ratio of concentrations of oxygen in the waters 
in A and B can now be measured. The clamp, R, is moved to zero. 
MM is then the final level. 

Addition of Reagents. — A little of the cuprous chloride powder is 
poured into a small tap funnel, F, and covered with concentrated hydro- 
chloric acid; a dark brown solution results. Some is then run into 
A and B, avoiding air bubbles. A white precipitate forms and 
aqueous ammonia is at once added from a pipette, till the liquid in 
both tubes reaches MM] on stirring gently with the disks, solution 
takes place at once; the cuprous ammonium double salt is soluble 
and colorless, but some of it is oxidized to the cupric condition at the 
expense of all the oxygen dissolved in the water. A ve|;y small quan- 
tity of this powder suffices to insure the removal of all the dissolved 
oxygen, but some excess docs not interfere if sufficient ammonia is at 
once added. If any white precipitate remains, it turns yellow, for it is 
very sensitive to light and interferes with the readings. The solutions 
(if colored) should be of a pure grayish blue. A greenish color indi- 
cates that an insufficient amount of ammonia has been added, unless 
the sample water itself was colored or opalescent. 

The colorimetric estimation consists in determining the ratio of the 
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concentrations of the colored cupric ammonia complex ions in the two 
tubes. 

The Determination.-— observer, looking through a hole in the 
cap of each tube, adjusts the levels of the opal glass disks, d, d', so 
that, when seen from above through the liquids, the intensity of color 
appears the same in both. The supports of the tubes are hinged to 
move in a horizontal plane, and their distance apart is regulated by the 
observer so that he can look down both tubes at once. MM is made 
to coincide with the level of each disk in succession, and readings are 
taken on the vertical brass stem. This gives the depth of d below the 
level of the liquid at the zero. 

Let the readings be p and q in tubes A and B, respectively. 

Intensity of color, i.e., the total selective absorption of light in 
traveling through the lengths 2p^ 2q, respectively, of the solutions is 
the same by adjustment. 

But this absorption depends only on the number of molecules of 
solute encountered, the reflecting disk being white and the solvent 
colorless. 

Hence, in the two solutions, 

/>c = qc', 

where c c' are concentrations in A and B, 

. ^ A 

c q 

Thus, p/q X 100 expresses the percentage oxygen saturation com- 
pared to water saturated at known temperatures. 

DETERMINATION OF DISSOLVED OXYGEN IN WATER BY 
CUPROUS AMMONIUM CHLORIDE 

Method of Frankfokter, Walker, and Wilhoit^ 

Like the preceding method of Ramsay and Homfray, this deter- 
mination depends upon the change in color of cuprous ammonium 
chloride when brought in contact with oxygen. The apparatus 
devised by Ramsay and Homfray is very simple and rapid, and gives 
fairly approximate results in estimating dissolved oxygen in water. 
For accurate determinations a perfectly colorless solution of cuprous 
ammonium chloride must be used. Such a solution is difficult to pre- 

® J. Am. Chem. Soc., 31, 35 (1909). 
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pare and to keep. Frankforter and his co-workers constructed an 
apparatus in which a solution of the pure, colorless cuprous double 
salt can be prepared and kept ready at all times for use. Their 
apparatus is more elaborate and requires more skill to manipulate 
than the one of Ramsay and Homfray, but with a little experience 
accurate determinations of oxygen may be easily and rapidly made. 


Reagents. 

1. Hydrochloric acid, sp. gr. 1,19. 

2. Ammonium hydroxide, sp. gr. 0.90. 

3. Oxygen-free water. 

4. Copper wire. 

5. Standard copper solution. Dissolve 1.13.55 grams of pure 
copper in aqua regia, evaporate off the excess of acid, dissolve the 
residue in water, make up to one liter, and thoroughly mix. One 
cubic centimeter of this solution is equivalent to 0.1 cc. of oxygen as 
indicated by the following equation: 

CU 2 CI 2 -f 2HCI + 0 -> 2CuCl2 + H 2 O. 


'the ratio betv/een the weight of copper and oxygen in this equation 
is 127.14 : 16. Substituting the weight of 0.1 cc. oxygen under stand- 
ard conditions we have the equation 

127.14 : \6 = X : 0.00014290 


X = 


127.14 X 0.00014290 
U) 


0.0011355, 


the equivalent of copper in 0.1 cc. or 1.1355 grams in a liter. 

Description of Apparatus.— Frankforter, Walker, and Wilhoit give 
the following description of their apparatus, Fig. 52: A is a burette con- 
nected, by means of a stopcock B, with a reservoir for preparing and 
keeping cuprous chloride. E, a second burette for supplying ammonia, 
is connected with C and F by means of a three-way cock, D. I is a 
mixing bulb for the preparation of pure cuprous ammonium chloride. 
G is a three-way cock connecting F, by means of a capillary tube, with 
the colorimeter K, and H is a reservoir for holding the sample of water. 
Reservoir H contains a tube, N, which extends nearly to the top of the 
reservoir, the lower end of which is connected with a Kipp hydrogen 
generator for replacing the water, as it is drawn out, with hydrogen. 
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K is arranged with a stopcock, /, and a cork through which passes a 
large tube L, the lower end of which is closed by a disk firmly cemented 
to the tube. Comparisons with the standard are made by looking 
down through this tube. M is an outlet for air and water in com- 
pletely filling the colorimeter. K' is a similar colorimeter tube for 
making comparisons. To charge the apparatus, copper wire is first 
introduced into C through A and B, the opening in the stopcock B 
being large enough to admit pieces of copper wire. C is then filled 
with a saturated .solution of cuprous chloride in hydrochloric acid and 
the whole allowed to stand until any cupric chloride, which may have 
— been formed in filling the reservoir, 
* = | has been reduced. /I is then filled 

V with concentrated hydrochloric 

; added as the cuprous 

^ \ chloride is drawn out through I) 

^ ^ E into F, where it is converted into the 

^ double salt. F is filled with oxygen- 

C 1^1 free water from II by opening the 

V three-way cocks G and D, When 

water reaches D, G and D are 
^ 1 1] closed, E is filled with ammonia, and 

apparatus is ready for making 
^ L iC ' the double salt. C is now connected 

GjkXP'JI with F, and B is cautiously opened, 

/ — \ when cuprous chloride will pass into 

' F as soon as G and I are opened. 
Fig. 52.— Frankforter, Walker, and Willioit u • a 

Colorimeter for Oxygen. By thehclghtof the acidm^, 

the ctuantily of saturated cuprous 
chloride introduced into F may be accurately measured off. In charg- 
ing the apparatus, 2 cc. of the chloride and 8 cc. of ammonia arc run in, 
the capacity^ of F being about 10 cc. This amount of ammonia is suf- 
ficient to convert all the chloride into the double salt. Two cubic 
centimeters of the reagent are used in each determination. It is made 
by mixing 0.5 cc, of the cuprous chloride and 1.5 cc. of the strong 


The manipulation is as follows: II is completely filled with the 
sample of water, corked, placed in position on the stand and connected 
with the apparatus at 0, N is connected with a hydrogen generator. 
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By opening I, connecting H with K by means of the three-way cock, G, 
the colorimeter tube K is completely lilled with the sample. Care 
must be taken that the small bubbles of air which cling to the cork are 
removed. The colorimeter tubes K and K' are so constructed that 
when the corks are placed in position, they each hold exactly 102 cc. 
After the colorimeter has been carefully filled with the sample, 2 cc. 
of the cuprous ammonium chloride from F are introduced. This is 
accomplished by connecting F with K, opening B and cautiously 
opening D. When 0.5 cc. of the reagent has been introduced into K, 
B is closed and D is turned so as to connect E, containing ammonia, 
with K. 1.5 cc. of the reagent are introduced into K, making a total 
of 2 cc. If this is done with sufficient speed, none of the reagent passes 
out of the tube M, and there is left in the colorimeter just 100 cc. of 
the sample of water and the 2 cc. of reagent. G and / are now closed 
and the colorimeter which is connected with the apparatus by a flat 
ground joint and rubber tube, may be removed for comparison. As 
soon as the cuprous solution comes in contact with the oxygen in the 
water, the blue color appears, the intensity of which is measured by 
the amount of free oxygen present in the water. 

The comparison is made by means of A', a second colorimeter 
tube, and a standard solution of cupric chloride of such strength that 
1 cc. of the solution will be equivalent to 1 cc. of oxygen in a liter of 
water when the quantity of water taken for analysis is 100 cc. 

Procedure. In the regular anidysis, the sample of water is 
treated as indicated above and the color produced by the cuprous 
reagent is matched by a known ([uantity of standard cupric solution. 
This is accomplished by placing a known amount of the standard 
solution in the second colorimeter tube with sufficient ammonia to 
convert the copper into the double salt, and making up to 100 cc. with 
water. An excess of the standard is taken so that the color is deeper 
than that of the sample. The standard solution is now drawn off 
from the stopcock /' until the shade of color in the two tubes is the 
same. From the quantity of standard solution necessary to match 
the color in K, the amount of oxygen may be easily determined. 
When 100 cc. of water are taken, the number of cubic centimeters of 
standard will represent directly the number of cubic centimeters of 
oxygen in a liter of water. 

It is necessary, in making more than a single determination, to fill 
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the space in H occupied by the sample drawn off for analysis by some 
gas which does not contain oxygen. Nitrogen gives good results but it 
is too difficult to obtain in pure form to be satisfactory. Carbon diox- 
ide does not seem to give satisfactory results. Hydrogen is satis- 
factory, although the oxygen seems to diminish if the water remains 
very long in contact with hydrogen. 

DETERMINATION OF OXYGEN BY “ADUROL” 

This method is based upon the coloration produced by oxygen in 
water containing a small quantity of “ adurol,” ammonia and ammo- 
nium chloride. “ Adurol ” is a derivative of quinol (/>-dihydroxy- 
benzene) and is sold as a photographic developer. 

The results by the “ adurol ” method are not as accurate as those 
obtained by the cuprous chloride methods. 

Reagents. 

1. Ammonium hydroxide, 6 N, containing about 20 per cent 
ammonium chloride. 

2. “Adurol,” or a mixture of 1 part of “ adurol,” 3 parts of Rochelle 
salt, NaKC4H406 ‘4H20, and 6 parts of borax (previously heated for 
several hours at 50° C.). 

Procedure.— Add to a 50 or 100 cc. sample of water a pinch of 
adurol ” and 0.5 cc. of 6 N ammonium hydroxide containing about 
20 per cent ammonium chloride. The sample should be in a flat-sided 
bottle of clear glass. The “ adurol ” and ammonia reagent sink to the 
bottom and the air above the sample is displaced with carbon dioxide. 
The bottle is then stoppered and shaken. In this way the absorption 
of oxygen in the air above the sample is prevented. A series of stand- 
ards is prepared at the same time the sample is treated. The amount 
of oxygen in the standards is varied by mixing measured volumes of 
boiled water with water saturated with oxygen. The air above the 
standard solutions must be displaced with carbon dioxide before 
shaking them with the reagents. 

Note. Comparison by the method of dilution is unsatisfactory. 
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TABLE XXVI * 


Solubility of Oxygen in Fresh Water and in Sea Water of Stated Degrees of 
Salinity at Various Temperatures When Exposed to an Atmosphere Con- 
taining 20.9 Per Cent of Oxygen under a Pressure of 760 Mm.* 


(Calculated by G. C. Whipple and M. C. Whipple from Measurements of C. J. J. Fox) * 


Temper- 

ature, 

Degrees 

C. 

Chloride in Sea Water (Parts jjcr million) 

Difference 
[>er 100 Parts 
per Million 
Chloride. 
Parts per 
million 

0 

500 j 

10000 

15000 

20000 

Dissolved oxygen in parts per million 

0 

14.62 

13.79 

12.97 

12.14 

11.32 

0.0165 

1 

14.23 

13.41 

12.61 

11.82 

11.03 

.0160 

2 

13.84 

13.05 

12.28 

11.52 

10,76 

.0154 

3 

13.48 

12.72 

11.98 

11.24 

10.50 

.0149 

4 

13.13 

12.41 

11.69 

10.97 

10.25 

.0144 

5 

12.80 

12.09 

11.39 ' 

10.70 

10.01 

.0140 

6 

12.48 

11.79 

11.12 

10.45 

9.78 

.0135 

7 

12.17 

11.51 

10,85 

10.21 

9,57 

.0130 

8 

11,87 

11.24 

10 61 

9.98 

9,36 

.0125 

9 

11.59 

10.97 

10.36 

9.76 

9.17 

,0121 

10 

11.33 

10.73 

10.13 

9.55 

8.98 

.0118 

11 

11.08 

10.49 

9.92 

9.35 

8.80 

.0114 

12 

10,83 

10.28 

9.72 

9.17 

8 62 

.0110 

13 

10.60 

10.05 

9.52 

8.98 

8.46 

.0107 

14 

10.37 

9.85 

9.32 

8.80 

8,30 

.0104 

15 

10,15 

9.65 

9.14 

8.63 

8.14 

.0100 

16 

9.95 

9.46 

8.96 

8.47 

7.99 

.0098 

17 

9.74 

9.26 

8.78 

8.30 

7.84 

,0095 

18 

9.54 

9 07 

8.62 

8.15 

''.70 

.0092 

19 

9.35 

8.89 

8.45 

8.00 

7.56 

.0089 

20 

9.17 

8,73 

8.30 

7.86 

7.42 

.0088 

21 

8.99 

8.57 

8.14 

7.71 

7.28 

.0086 

22 

8.83 

8.42 

7.99 

7.57 

7.14 

.0084 

23 

8.68 

8.27 

7.85 

7.43 

7.00 

.0083 

24 

8.53 

8.12 

7.71 

7.30 

6.87 

.0083 

25 

8.38 

7.96 

7.56 

7.15 

6.74 

.0082 

26 

8.22 

7.81 

7.42 

7.02 

6.61 

.0080 

27 

8.07 

7.67 

7.28 

6.88 

6.49 

.0079 

28 

7.92 

7.53 

7.14 

6.75 

6.37 

.0078 

29 

7.77 

7.39 

7.00 

6.62 

6.25 

.0076 

30 

7,63 

7.25 

6.86 

6,49 

6.13 

.0075 


• Unto any other barometric prcnrc, B, the nolubilit, can be obtained Irom the correeponding value In 


the table by the formula: 


S> 5 — in which 5 ' - Solubility at B or B', 

•’60 29.9J , . 

5 = Solubility at 760 mm. or 29.92 inches, 

B - Barometric pressure in mm., 
and B' - Barometric pressure in inches. 

» Standard Methods of Water Analysis, 6th ed..p. 62. American Public Health Association, New York.igis. 
4 C J. J. Fot^ Soc.. 5 , 68-87 (1909); G. C. Whipple and M. C. Whipple. J. Am. Chem. Soc.. 

88 , 362- 5 {1911? 
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DETERMINATION OF HYDROGEN PEROXIDE BY ITS OXIDIZING 
ACTION ON FERROUS IRON 

This method is based upon the oxidation of ferrous iron by hydro- 
gen peroxide and subsequent determination of the ferric iron by potas- 
sium thiocyanate. 

Reagents. 

1. Sulfuric acid, 6 N. 

2. Potassium thiocyanate, 5 per cent. 

3. Standard ferrous iron solution. Dissolve 10.534 grams of pure 
ferrous ammonium sulfate, FeS04-(NH4)2S04 -61120, in freshly boiled 
distilled water, add 5 cc. of sulfuric acid, sp. gr. 1.84, and dilute 
to a liter with boiled distilled water. Mix thoroughly. One cubic 
centimeter of this solution contains 1.5 mg. of ferrous iron. A little 
of the solution must be tested for ferric iron by adding a few drops of 
potassium thiocyanate solution. Should any ferric iron be present, it 
must be reduced with hydrogen sulfide or by adding a little zinc. The 
reagent must be slightly acid and free from reducing agents before 
being used. 

4. Standard ferric iron solution. Dissolve 14.164 grams of pure 
ferric ammonium alum, Fe2(S04)3-(NH4)2S04 -241120, in water, add 
2 cc. of sulfuric acid, sp. gr. 1.84, dilute to a liter with water and thor- 
oughly mix. One cubic centimeter of this solution contains 1.64 mg. of 
ferric iron, which is equivalent to 0.5 mg. of hydrogen peroxide. 

Procedure.~"A 10 cc. sample is placed in a Nessler tube, 1 cc. 
(or more) of the standard ferrous iron solution added and then 1 cc. of 
the potassium thiocyanate solution. Mix gently and compare at once 
against a standard prepared by adding potassium thiocyanate to the 
standard ferric iron solution. The thiocyanate must be added to 
sample and standard at the same time. 

An alternative method is to add freshly standardized hydrogen 
peroxide, drop by drop, to some of the ferrous iron solution (suitably 
diluted) containing 1 cc. of the potassium thiocyanate solution until 
the color matches that of the sample treated as directed in the first 
paragraph. The amount of hydrogen peroxide in the sample is then 
obtained directly from the burette reading. 

Note. — Read the notes given under the thiocyanate method for 
the determination of iron, pages 234 to 236. 
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DETERMINATION OF HYDROGEN PEROXIDE BY 
AMMONIUM MOLYBDATE 

This method is based upon the yellow color produced by the action 
of hydrogen peroxide on a molybdate in acid solution. 


Reagents. 

1. Citric acid, 5 per cent. 

2. Ammonium molybdate, 10 per cent. 

3. Permanent color standard. Dissolve 0.4 gram of potassium 
chromate and dilute to a liter. See Note 4. 

Procedure.— Place 30 cc. of water in a 50 cc. volumetric Hask, athl 
10 cc. of 5 per cent citric acid, 1 cc. of the unknown dilute hydrogen 
peroxide, and mix. Then add, drop by drop, 1 cc. of a 10 per cent 
ammonium molybdate solution, dilute to the mark with water, and 
mix thoroughly. Transfer the solution to a colorimeter tube and 
match against the standard color solution. 


Notes. 

1. It is important that all reagents be added in the order given. 

2. The acid and molybdate concentrations may be varied consid- 

erably without affecting the color. Likewise, changes in room tem- 
perature do not alter the color. ^ 

3. Nitric acid could be used instead of citric, but the color is less 
than half as intense as that developed when citric acid is employed. 

4. Isaacs-^ obtained the following results with the above procedure, 
using a standard prepared with 99.4 per cent pure chromate and apply- 

0.05467 ^ . 1 , fUo 

ing the formula * = -nl^„wn reading' * 

number of grams of peroxide in the 50 cc. of solution: 

* J. Am. Chem. Soc., 44, 1662 (1922). 
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TABLE XXVII 


HaOj Taken 
(by Permanganate 
Titration), 
Milligrams 

HjOj Found, 
Milligrams 

Difference, 

Milligram 

4.288 

4.205 

+0.083 

1 . 860 

1.829 

+0.031 

0.930 

0.935 

-0.005 


A Duboscq colorimeter was used, the standard being set at 20. 
REFERENCES 

1. SchOnn, Z. anal. Chcm., 9, 41, 330 (1870). 

2. fiaerwald, Ber., 17, 1206 (1884). 

3. Crismer, Gaz. mod. Liege, 7, 77 (1888). 

4. Denigfis, Compt. rend., 110, 1007 (1890). 

5. Crismer, Bull. soc. chim., [3)0, 22 (1891). 

6. Nagel and Muthman, Ber., 31, 1836 (1898). 


DETERMINATION OF WATER IN “ABSOLUTE ” ETHYL ALCOHOL • 

The method is based upon the fact that the sensitivity of azo indi- 
cators (e.g., methyl orange) to acid diminishes with increasing ethyl 
alcohol concentration of the medium. Designating the sensitivity 
quotient in water by 1, there is an increase to 135 in 91.5 per cent 
ethyl alcohol and then a decrease to 23 in 99.3 per cent ethyl alcohol. In 
making a determination, the colors of an aqueous and an alcoholic 
solution of the indicator are matched. 

Reagents. 

1. Solution A. A saturated solution of methyl orange in strong 
ethyl alcohol. 

2. Solution B. 0,01 N HCl in water. 

3. Solution C. 0.1 N HCl in strong ethyl alcohol (from C2H5OH 
and HCl gas). 

Procedure.— Place 25 cc. of water in a Nessler cylinder, add 0.1 cc. 
of solution A and 0.4 cc. of solution B. The intermediate orange-red 
color of methyl orange is obtained. In a second Nessler cylinder 

• I. M. Kolthoff, Pharm. Wcekblad, 60, 227 (1923). 
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place 25 cc. of the ethyl alcohol to be tested, add 0.12 cc. of solution ^4, 
and then solution C from a Bang burette until the color is the same as in 
the first cylinder. Note the temperature of the alcohol solution. For 
temperatures above 15° and concentrations between 99.7 and 95.0 
per cent interpolations may be made from the following table prepared 
by Kolthoff: 7 


TABLE XXVIIT 


CjHfiOH 
Volume, 
Per Cent 

0. IN Alcoholic HCl 
to Match Color of 
Aqueous Solution, 
Cubic Centimeters 

Correction for 
Each Degree 
above 15 

9<) 7 

0.21 

0.007 

99.0 

0.96 

0.03 

98.0 

2.27 

0.07 

97.0 

3.45 

0.10 

96.0 

4.30 

0.12 

95.0 

5.05 

0.13 


’ Loc. cit. 
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PHOSPHORUS 

DETERMINATION OF PHOSPHORUS AS PHOSPHOMOLYBDATE 

The method is based upon the yellow color of phosphomolybdate 
produced when nitric acid and ammonium molybdate are added to 
a solution containing phosphate. It is applicable to the determina- 
tion of phosphates in soil and plant extracts and in natural waters. 
Silica interferes, owing to the formation of yellow silicomolybdate sim- 
ilar to phosphomolybdate and, hence, must be removed. 

Reagents. 

1. Nitric acid, sp. gr. 1.07. 

2. Ammonium molybdate. Dissolve 50 grams of ammonium 
molybdate in a liter of water. 

3. Standard phosphate solution. Dissolve 0.5043 gram of diso- 
dium hydrogen phosphate, Na2HP04- I2H2O, in water, add 100 cc. of 
nitric acid, sp. gr. 1.07, dilute to a liter and mix thoroughly. One 
cubic centimeter of this solution contains 0.1 mg. of P2O5. 

Procedure, — A measured sample containing less than 0.5 mg. of 
phosphorus is evaporated almost to dryness, 3 cc. of nitric acid added, 
and the residue heated for 2 hours at 100° C. to dehydrate the silica. 
(If the sample contains no silica, the dehydration is omitted.) The 
residue is taken up in water, transferred to a Nessler cylinder or 
colorimeter tube, 5 cc. of nitric acid, sp. gr. 1.07, and 4 cc. of ammonium 
molybdate solution are added and, after standing 20 minutes, the color 
is matched against a standard. Comparison may be made with a 
series of standards or by the balancing or dilution method. The 
.series of standards must be prepared fresh daily, since the lighter solu- 
tions fade and the darker ones precipitate. 

If the balancing or dilution method is used, 10 cc. of the standard 
phosphate solution are diluted with 75 cc. of water, 5 cc. of the ammo- 
nium molybdate solution added, the solution made up to 100 cc., and 

336 
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thoroughly mixed. This solution contains 0.01 mg. of P 2 O 5 per cubic 
centimeter. 

Notes. 

1. The method of duplication is not convenient because of the 
time required for the full intensity of the color to develop. 

2. Woodman and Cay van’ found that evaporation with nitric acid 
and heating at 100° for an hour was insuflicicnt to render the silica 
entirely insoluble. WTien heated two hours at 100° no silica remained 
soluble. Heating for one hour at 135° did not render the silica com- 
pletely insoluble. 

3. It is not necessary to filter off the silica after dehydration, d'hc 
loss due to filtration would be greater than any error due to the pres- 
ence of a small precipitate of silica in the solution. 

4. Iron salts affect the results if present in more than 20 parts per 
million. In aqueous extracts of soils a concentration greater than 0.1 
to 5 parts per million is seldom obtained. 

5. In case of doubt as to the purity of the sodium acid phosphate 
used in preparing the standard phosphate solution, the latter should 
be standardized by the magnesium ammonium phosphate method or 
the ammonium phosphomolybdate method. The concentration of the 
solution may then be adjusted to contain 0.1 mg. of P2O5 per cubic 
centimeter. 

DETERMINATION OF PHOSPHORUS BY SEPARATION AS MAGNESIUM 
AMMONIUM PHOSPHATE AND ESTIMATION OF THE 
PHOSPHATE AS PHOSPHOMOLYBDATE 

This method is similar to the one used for estimating magnesium 
(p. 266). The phosphate is precipitated by magnesium chloride 
reagent in the form of magnesium ammonium phosphate and the phos- 
phate in the latter determined by solution in dilute nitric acid and 
addition of ammonium molybdate which gives a yellow solution 
due to the formation of ammonium phosphomolybdate. This yellow 
solution is matched against a standard phosphomolybdate solution. 

Reagents. 

1. Nitric acid, sp. gr. 1.07. 

2. Ammonium molybdate solution. Fifty grams of the pure salt 
are dissolved and the solution diluted to a liter. 

‘J. Am. Chem. Soc., 23, 96 (1901). 
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3. Standard phosphate solution. Dissolve 0.5043 gram of pure 
freshly crystallized disodium phosphate, Na 2 HP 04 ' I 2 H 2 O, in water, 
add 100 cc. of nitric acid (sp. gr. 1.07), dilute to a liter, and thoroughly 
mix. One cubic centimeter of this solution is equivalent to 0.1 mg. 
of P 2 O 5 or 0.0342 mg. of Mg. 

4. Standard colorimetric solution. Dilute 10 cc. of the standard 
phosphate solution (3) to about 80 cc., add 9 cc. of nitric acid (1) and 
8 cc. of ammonium molybdate solution (2), and dilute to 100 cc. 
Mix thoroughly and allow to stand 20 minutes. One cubic centi- 
meter of this solution is equivalent to 0.01 mg. P 2 O 6 . 

5. Ammonium hydroxide, 6 N. 

6. Ammonium hydroxide wash solution. Dilute 1 part of strong 
ammonia (sp. gr. 0.90) with 9 parts of water. The ammonia must be 
free from silica and, hence, only redistilled ammonium hydroxide 
should be used. 

7. Ammonium oxalate. Saturated solution. 

8. Magnesium chloride reagent. Thirteen grams of magnesium 
chloride, MgCl 2 - 61120 , and 20 grams of ammonium chloride are 
dissolved in about 900 cc. of water, 50 cc. of strong ammonium hydrox- 
ide (sp. gr. 0,90) added, and the solution diluted to a liter. Thoroughly 
mix. One cubic centimeter of the solution will precipitate 3.5 mg. of 
P 2 O 5 . 

9. Filter paper. Use only silica-free paper. 

Procedure. — Measure out a sample which contains between 0.0005 
and 0.004 gram of phosphorus and dissolve if a solid. Make solution 
faintly ammoniacal by adding 1 drop excess of 6 N ammonium hydrox- 
ide and add 2 or 3 drops of the ammonium oxalate solution. Evapo- 
rate to dryness on a water-bath, cool, and add 1 cc. of the magnesium 
chloride reagent. Thoroughly stir the precipitate and allow it to 
stand 2 or 3 hours. Then wash down the sides of the dish with 5 cc. of 
ammonium hydroxide wash solution and filter off, on a small filter, the 
magnesium ammonium phosphate. Repeat washing the dish with 
successive small amounts of the wash liquid until all the precipitate 
has been transferred to the filter, finally washing down the filter until 
the filtrate measures about 50 cc. Wash the dish once with about 5 cc. 
of cold water, allowing the water to run through the filter in such a way 
as to wash it. Reject the washings and place a small beaker under the 
funnel. Add 5 cc. of nitric acid to the evaporating dish, thoroughly 
spread it so as to insure complete removal of any precipitate that may 
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have remained on the sides of the dish, and then pour the solution 
through the filter in such a way as to wet the whole of it. Wash the 
dish four or five times with hot water (about 5 cc. each time) and con- 
tinue washing the filter until the filtrate increases to about 45 cc. 
Cool the filtrate, add 4 cc. of the ammonium molybdate solution, dilute 
to 50 cc., mix, let stand 20 minutes, and compare the color with that of 
the standard phosphate solution, by the balancing or dilution method. 

Notes. 

1 . The yellow color which develops is at its maximum intensity 
after 20 minutes and, hence, the solution must be allowed to stand 
this period before making the comparison. If the color is too strong 
for direct comparison with the standard, an aliquot part is used. 

2. Great care must be taken to add enough of the molybdate re- 
agents. The 5 cc. of nitric acid and 4 cc. of ammonium molybdate solu- 
tion given in the procedure are suflicicnt only up to about 0.0003 gram 
of magnesium. When a second portion of these reagents is required 
(as indicated by the amount of precipitate or development of color), 
the solution is diluted with water at the same time so as to keep the 
concentration of the reagents the same, i.e., 5 cc. HNO 3 and 4 cc. of 
molybdate solution per 50 cc. of the solution. 

3 . The 2 or 3 drops of ammonium oxalate solution are added before 
adding the phosphate reagent in order to prevent the calcium precipi- 
tating as calcium phosphate. 

4 . Silica gives a yellow color with the molybdate reagent, as does 
phosphate, and hence must be removed. In fact, the color produced 
by the silicomolybdates is even more intense than that of the phos- 
phomolybdates. ^ Since an alkaline liquid is used throughout the pro- 
cedure, dissolved silica will always be present and is removed in the 
rejected washings. The last washing must be made with pure water 
on account of traces of dissolved silica always present in ammonia 
water. Use only freshly distilled ammonia for preparing the wash 
solution. 

5 . If the sample is a solid, it is dissolved in the smallest amount of 
nitric or hydrochloric acid possible and the excess acid removed by 
evaporation to dryness. The residue is dissolved in water and the pro- 
cedure continued in the usual way. Should the sample be a liquid, 

*0, Schreiner and B, E. Brown, J. Am. Chem. Soc., 26, 1463 (1904). 
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say, a potable water, it may be necessary to concentrate by evapora- 
tion. The phosphorus content of the sample should be between 
0.0005 and 0.004 gram. 

6. The standard phosphate solution is acidified with nitric acid in 
order to lessen contamination with silica from the glass bottle. 

7. Any coloring matter in the sample is entirely removed or 
destroyed during the procedure and hence has no influence on the final 
color comparison. 

8. Schreiner and Brown^ report a list of 38 determinations which 
shows the method to be quite satisfactory. The following have been 
selected as representative of their results: 


TAIiLE XXIX 


1 Milligrams IV)6 

! Parts 1*206 per Million 1 

1 of Solution 

Present 

Found 

Present 

Found 

1.250 

1.245 

25.00 

24.90 

1.000 

1. 010 

20.00 

20.20 

0.625 

0.621 

12.50 

12.42 

0.500 

0.500 

10.00 

10.00 

0.313 

0.312 

6.26 

6.24 

0.250 

0,252 

5.00 

5.04 

0.100 

0.105 

2.00 

2.10 

0.050 

0.054 

1.00 

1 

1.08 


III order to determine the influence of various salts, especially 
silicates, Schreiner and Brown made 30 determinations with varying 
amounts of phosphates and constant amounts of the silicates, sulfates, 
chlorides, and nitrates of sodium, potassium, calcium, and mag- 
nesium. The* approximate concentrations of the ions, other than 
phosphate, were as follows: 


Mg.... 

P.p.m. 

... 10.0 

Wi . : . . . 

P.p.m. 

. . 40.0 

Ca 

... 10.0 

Cl . . 

. . 20.0 

K 

... 10.0 

NO, ... . 

.. 15.0 

Na 

... 5.0 

SiO, .... 

.. 10.0 


Total salts = 120 p.p.m. of solution. 


* Loc. cit, 
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The following six analyses are taken as representative of the 30 
reported by Schreiner and Brown: 


TABLE XXX 


Milligrams PjOj 

Parts PjOs per Million 
of Solution 

Present 

Found 

Present 

Found 

1 , 250 

1.215 

25.00 

24.50 

1.000 

1.005 

20.00 

20.10 

0.500 

0.504 

10.00 

10.08 

0.250 

0.252 

5.00 

5.04 

0.125 

0.155 

2.50 

5.10 

0.050 

0.072 

1.00 

1.44 


DETERMINATION OF PHOSPHORUS BY PRECIPITATION AS PHOSPEO- 
MOLYBDATE AND REDUCTION WITH HYDRAZINE SULFATE < 

When ammonium phosphomolybdate is wanned with a solution of 
hydrazine sulfate the phosphomolybdate is reduced and a blue solution 
is obtained, the intensity of the color being proportional to the amount 
of phosphorus present. 

Reagents. 

1. Nitric acid, sp, gr. 1,125. 

2. Ammonium nitrate, 30 per cent. 

3. Ammonium molybdate, 3 per cent. 

4. Hydrazine sulfate, 2 per cent. 

5. Standard phosphate solution. Dissolve 0.5043 gram of pure 
crystallized disodium acid phosphate, Na 2 HP 04 - I 2 H 2 O, dilute to 100 
cc. and thoroughly mix. One cubic centimeter of the solution contains 
1 mg. of P 2 O 5 . 

Procedure.— The sample solution containing 1 mg. or less of 
phosphate is concentrated to a volume of 1 or 2 cc. and transferred 
to a graduated centrifuge tube, ammonium nitrate solution being used 
to rinse the vessel. Add I cc. of nitric acid, sp. gr. 1.125, and more 
ammonium nitrate solution to bring the liquid in the tube up to 10 cc. ; 
heat the tube to about 60°, add 2 cc. of ammonium molybdate solution, 

* E. Riegler, Bull. Acad. Sci. Roumanie, 2, 272 (1914). 
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thoroughly mix, and centrifuge for 2 or 3 minutes. Carefully pour off 
the clear liquid, add 5 cc. of ammonium nitrate solution, again centri- 
fuge, and pour off the clear solution. Wash the precipitate into a 100 
cc. volumetric flask with 20 cc. of the hydrazine sulfate solution and 
warm. Cool, dilute to the mark with water and thoroughly mix 
Transfer the solution, or an aliquot part, to a colorimeter tube or Ness- 
ler cylinder, and compare the color against a standard solution pre- 
pared in the same manner. Treating 1 cc. of the standard phosphate 
solution as outlined for the sample and finally diluting to 100 cc. will 
give a solution containing O.Ol mg. of P2O5 per cubic centimeter. 

Notes. 

1 . The blue comparison solution is quite stable. 

2. Losana'* uses a hot solution of sodium thiosulfate to reduce 
ammonium phosphomolybdate. The resulting blue solution is 
matched against a standard solution similarly prepared. 


DETERMINATION OF PHOSPHORUS AS 
PHOSPHO-VANADIO-MOLYBDATE 0 

The method is adapted to the determination of phosphorus in steel 
and cast iron and is based upon the formation of a yellow solution of 
phospho-vanadio-molybdatc. 'I'hc intensity of the color is propor- 
tional to the phosphorus content of the siimple. 

Reagents. 

1 . Nitric acid, sp. gr. 1.20, HCl-free. 

2. Potassium permanganate. Dissolve 8 grams of the salt and 
dilute to a liter. 

3. Hydrogen peroxide. Free from HCl and H3PO4. Add 40 
grams of sodilim peroxide, little by little, to a mixture of 100 cc. of 
nitric acid, sp. gr. 1.42, and 900 cc. of water, keeping the solution quite 
cool. 

4. Ammonium vanadate. Dissolve 2.345 grams of (NH4)4V04 m 
500 cc. of hot water, add 20 cc. of HNO3 (sp. gr. 1.2), and dilute to a 
liter. 

^ Giom. chim. ind. applicata, 4, 60 (1922). 

*G, Misson, Chem, Ztg., 32, 633; Ann. chim. anal. chim. appl., 4, 267 (1922)- cf. 

R. Schroder, Stahl u. Risen, 38, 316 (1918). 
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5. Anunonium molybdate. 100 grams of the salt per liter. Use 
only a freshly prepared solution. 

Procedure. — One gram of the steel or iron is placed in an Erlen- 
meyer flask marked at 80 cc. and dissolved in 20 cc. of nitric acid, sp. gr. 
1.20. Boil the solution, add 10 cc. of the potassium permanganate 
solution, and again boil. Next add 10 cc. of hydrogen peroxide solu- 
tion, shake until the manganese dioxide has dissolved, add 10 cc. of the 
vanadate solution, and boil to decompose the excess of hydrogen per- 
oxide. Cool, dilute to about 60 cc., add 10 cc. of the ammonium 
molybdate solution, and dilute to the mark. Allow the solution to 
stand 2 or 3 minutes and then match its color against a series of 
standard solutions obtained by similar treatment of steel samples of 
known phosphorus content. 

Notes. 

1. The standard steel comparison solutions will last some time, but 
it is best to prepare fresh ones each week. 

2. Estimations can be made to about 0.005 per cent phosphorus. 

DETERMINATION OF PHOSPHORUS BY MOLYBDIC ACID- QUININE 
REAGENT^ 

This method is based upon the yellow coloration produced by adding 
a molybdic acid-quinine reagent to a solution containing a small quan- 
tity of phosphate. 

Reagents. 

1. Nitric acid, sp. gr. 1.12. 

2. Molybdic acid-quinine reagent. Dissolve 1 gram of quinine 
sulfate in dilute nitric acid, add saturated barium hydroxide solution 
until the sulfate is completely precipitated, filter, and add the filtrate 
to a solution of 40 grams of ammonium molybdate in 500 cc. of nitric 
acid (sp. gr. 1.20). Dilute the solution to a liter and mix. 

3. Standard phosphate solution. Dissolve 0.5043 gram of pure 
crystallized disodium acid phosphate, Na 2 HP 04 'l 2 H 20 , in water, 
add 100 cc. of nitric acid, dilute to a liter and thoroughly mix. Dilute 
50 cc. of the solution to a liter and thoroughly mix. One cubic centi- 
meter of the diluted solution contains 0.005 mg. of P2O5. 

Gr^goire, Bull. soc. chim. Belg., 29, 253 (1920). 
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Procedure.— A sample containing between 0.002 and 0.025 mg. of 
P2O5 is placed in a 50 cc. Nessler tube and diluted to 45 cc. Add 2 cc. 
of nitric acid (sp. gr. 1.12), 2 cc. of the molybdic acid-quinine reagent, 
dilute to 50 cc., gently mix, and compare the color against a series of 
standards prepared along with the sample and under the same condi- 
tions. 

Note. 

Small amounts of silica do not interfere, but iron should be 
removed previously by means of “ cupferron ” (the ammonium salt of 
nitrosophenylhydroxylamine, C6HrrN-NO-ONH4). Cupferron may 
be obtained in the market or prepared according to Kasanof . * 

BETERMINATION OF PHOSPHORUS BY HYDROGEN SULFIDE » 

When hydrogen sulfide is passed into an alkaline molybdate solu- 
tion a yellowish red color is produced which is proportional to the 
molybdenum. If the phosphorus in a substance be precipitated as 
phosphomolybdate, the latter dissolved in sodium hydroxide solu- 
tion and the resulting solution saturated with hydrogen sulfide, the 
phosphorus may be estimated indirectly from the molybdenum deter- 
mination. 

The method is adajited to the estimation of pho.sphorus in steels 
and pig iron. 

Reagents. 

1. Nitric acid, 2 per cent. 

2. Sodium hydroxide, 0.1 N. Dissolve 4 grams of sodium hydrox- 
ide and dilute to a liter. 

3. Hydrogen sulfide. See p. 240. 

4. Standard phosphomolybdate solution. Precipitate ammonium 
phosphomolybdate by adding a solution of ammonium molybdate to a 
solution of sodium phosphate. Wash the precipitate thoroughly with 
2 per cent nitric acid and dry in an oven at 120°- 130° C. Place 0.0307 
gram of the dried precipitate in a 500 cc. volumetric flask, add from a 
burette just sufficient 0.1 N sodium hydroxide for solution, and then 
one-half this amount in excess. Dilute to the mark and thoroughly 

* J. Ind. Kng. Chem., 12, 799 (1920). 

*T. E. Hewitt, J. Am. Chem. Soc,, 27, 121 (1905), 
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mix. One cubic centimeter of this solution contains 0.0010 mg. of 
phosphorus. (See Note 5.) 

Procedure. — About 2 grams of the steel, pig iron, or other sub- 
stance, are dissolved and the phosphorus precipitated as ammonium 
phosphomolybdate as in the usual volumetric method for the deter- 
mination of phosphorus. Collect the precipitate on a small paper 
filter, wash with 2 per cent nitric acid, place the stem of the funnel in 
the neck of a 100 cc. volumetric flask, wet the filter thoroughly with a 
little hot water, add from a burette 0.1 N sodium hydroxide solution 
until the precipitate just dissolves, and then run in one-half this volume 
in excess. Dilute to the mark with water and thoroughly mix. Place 
an aliquot part in a 50 cc. Nessler tube, half fill the tube with water and 
pass in hydrogen sulfide at a moderate rate for 5 minutes. Next place 
the tube in a vessel of boiling water, let stand for 5 minutes, remove, 
fill to the mark, mix, and compare with a standard prepared by treat- 
ing in the same way 10 cc. of the standard phosphomolybdate solution. 

Notes. 

1. If too small an amount of sodium hydroxide is used in dissolving 
the phosphomolybdate precipitate a blackish solution will be produced 
upon adding hydrogen sulfide. A reasonable excess of sodium hydrox- 
ide in the solution does not interfere with the analysis. 

2. The solution must be thoroughly saturated with hydrogen 
sulfide, otherwise a light-colored solution will be obtained. Passing 
the hydrogen sulfide into the solution at a moderate rate for 5 minutes 
is sufficient. 

3. The solution is not affected by air during treatment but grad- 
ually darkens on standing. After the solution has been saturated 
with hydrogen sulfide, it is heated for 5 minutes in boiling water in 
order to make the color stable for at least 2 hours. 

4. Using Nessler tubes of 16 mm. bore and a depth of liquid of 24.5 
cc., Hewitt was able to detect a difference of 0.00089 mg. of phos- 
phorus. The method gives results in excellent agreement with both 
volumetric and gravimetric methods. 

5. Upon drying the ammonium phosphomolybdate precipitate, it 
approximates the formula (NH4)3P04-12Mo03. This formula re- 
quires 1.65 per cent of P, whereas the precipitates actually obtained are 
likely to vary between 1.60 per cent and 1.64 per cent or even outside 

Loc. cit. 
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these limits. A. Tamm^^ found 1.64 per cent; F. Hundeshagen ^ ^ 
found 1.62 per cent; E. Raben^^ found 1.64 per cent; Chesneau^^ 
found 1.60 per cent. The factor 1.63 per cent is the one most usually 
recommended. ^ 

The maximum amount of ammonium phosphomolybdate which 
can be satisfactorily dried and weighed is about 0.4 gram. 

DETERMINATION OF PHOSPHORUS IN URINE AND BLOOD BY 
THE BELL-DOISY-BRIGGS METHOD 

Bell and Doisy^^ have employed the blue color produced by the 
reduction of phosphomolybdic acid by hydroquinone for the deter- 
mination of phosphorus in urine and blood. The blue color is formed 
in an alkaline solution, but unfortunately has the disadvantage of fad- 
ing fairly rapidly. In acid solution in the first stage of the determina- 
tion a stable green is formed which is proportional to the phosphorus 
content, but this color was not used by Bell and Doisy on account of 
the observation that both urines and trichloracetic acid blood filtrates 
sometimes give a turbidity upon the addition of the acid molybdate 
solution. Briggs modified the procedure and obtained a perfectly 
clear green with acid molybdate and hydroquinone. The acid green 
color, however, is considerably less intense than the alkaline blue and, 
therefore, not so accurate with a low phosphorus content. This disad- 
vantage is offset by the stability of the green color. 

It was also observed by Briggs “ that when a little sodium sulfite is 
added to an acid solution containing phosphate and molybdate that 
the subsequent addition of hydroquinone causes the formation of a blue 
instead of a green color and of an intensity considerably greater 
than the green. This color does not depend upon reduction of the 
molybdic acid by SO 2 since sodium sulfite, hydroquinone, and acid 
molybdate solutions when mixed give no color. The use of these 
modifications gives a clear blue, non-fading color for comparison, the 

Chem. News, 49, 208 (1884). 

‘*Z. anal. Chem., 28, 141 (1889). 
anal. Chem., 47, 546 (1908). 

Compt. rend., 146, 758 (1908). 

Cf. H. A. Fales, Inorganic Quantitative Analysis, p. 215. The Century Company, 
New York, 1925. 

*«J. Biol. Chem., 44, 55 (1920). 

>7J. Biol. Chem., 53, 13 (1922). 
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proportionality of which is exact over a wide range. The intensity 
of the color allows the determination of phosphate in 1 cc. of plasma.” 

Reagents. 

1. Trichloracetic acid, 20 per cent. 

2. Sodium sulfite solution, 20 per cent. Keep well stoppered or 
make up fresh. 

3. Hydroquinonc. Dissolve 0.5 gram of hydroquinone in 100 cc. 
of water and add a drop of concentrated sulfuric acid to retard oxi- 
dation. 

4. Ammonium molybdate. Dissolve 25 grams of ammonium 
molybdate in 300 cc. of water. Dilute with 200 cc. of sulfuric acid 
(prepared by adding 75 cc. of sulfuric acid, sp. gr. 1.84, to 125 cc. of 
water). 

5. Standard phosphate solution for urine. Dissolve 0.4388 gram 
of potassium dihydrogen phosphate, KH2PO4, dilute to a liter, and 
thoroughly mix. One cubic centimeter contains 0.1 mg. of phos- 
phorus. Add a little chloroform as a preservative. 

6. Standard phosphate solution for blood. Dilute 25 cc. of the 
urine phosphate standard to 200 cc., mix, and preserve with chloro- 
form. Two cubic centimeters of this solution contain 0.025 mg. of 
phosphorus. 

The following procedures are according to Briggs. ’ ^ • 

Procedure for Blood or Plasma. — A measured volume of plasma 
is transferred to a small Erlenmeyer flask, diluted with 3 volumes of 
water and 1 volume of 20 per cent trichloracetic acid. The flask is 
stoppered with the thumb, shaken vigorously for a few seconds, and 
after standing about 10 minutes, the contents are transferred to a dry 
ashless filter. The filter funnels rest in long Pyrex test tubes and are 
covered by watch-glasses to prevent loss by evaporation. For the 
determination, transfer 5 cc. of the filtrate, equivalent to 1 cc. of 
plasma, to a 10 cc. volumetric flask or a long test tube graduated at 
15 cc. For the standard, transfer 2 cc. of the diluted phosphate solu- 
tion, to a similar flask or tube. To each then add 2 cc. of the molyb- 
date solution, 1 cc. of the sodium sulfite solution, and 1 cc. of the 
hydroquinone solution, and dilute with water to the mark. Allow 
them to stand about 30 minutes for color production and compare in 
the colorimeter. 

** Loc. cil. 
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Procedure for Urine.— Take 1 to 5 cc. of acidified urine or an 
amount equivalent to about 0.5 mg. of P, in a 100 cc. volumetric flask. 
In a similar fla.sk, take 5 cc. of the urine P standard. Dilute each 
with water up to about 80 cc. Then add to each 5 cc. of the molyb- 
date solution, 1 cc. of the sulfite solution, and 1 cc. of the hydroqui- 
none solution. Dilute each with water up to the mark and allow to 
stand about 30 minutes for color production. 

Notes. 

1 . In the procedure for blood and plasma it is not necessary to add 
trichloracetic acid to the standard to balance that of the filtrate. 
It is necessary, however, to have the acidity within certain limits for 
color production. Sufficient acid is provided by 2 cc. of the molybdate 
reagent for the fonnation of ammonium phosphomolybdate and its 
subsequent reduction; on the other hand if the total acidity after the 
addition of all reagents is more than 2 N then no color will be 
obtained. ' ^ 

2. Denis has shown that oxalates and citrates interfere with 
the formation of the alkaline blue color according to the Bell-Doisy 
method. However, when these salts are present in such amounts as 
used to prevent clotting of blood they do not interfere with the fonna- 
tion of the acid blue by the modified procedure of Briggs. 

DETERMINATION OF PHOSPHORUS IN BLOOD AND URINE BY 
THE FISKE AND SUBBAROW METHOD 2' 

This method is based upon the reaction between phosphate and 
ammonium molybdate to form ammonium phosphomolybdate and 
the reduction of the latter to a blue compound by aminonaphtholsul- 
fonic acid. The resulting blue solution is then compared with a stand- 
ard similarly prepared. 

Reagents. 

1. Sulfuric acid, 10 N. Add 450 cc. of sulfuric acid, sp. gr. 1.84, 
to 1300 cc. of water. 

2. Trichloracetic acid, 10 per cent. The quality of this reagent 

** Briggs, loc. cil. 

J. Biol. Chem., 52, 1 (1922). 

J. Biol. Chem., 66, 375 (1925); see also Hawk and Bergeim, Practical Physiological 
Chemistry, 9th ed., pp. 403 and 776. P. Blakiston’s Son and Co., Philadelphia, 1926. 
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is of great importance. The presence of certain impurities greatly 
retards the color development. Merck’s U. S. P. product is free from 
such impurities, but contains a trace of phosphate. The amount of 
phosphate must cither be determined in each sample or the acid puri- 
fied by distillation. The phosphate mc.y be determined as follows: 

Arrange three tall beakers of 150 cc. capacity on a piece of white 
paper. Into one of these (.1) })ut 100 cc. of water. In a second beaker 
(B) mix 85 cc. of water, 10 cc. of Molybdate I, and 4 cc. of 0.25 per 
cent aminonaphtholsulfonic acid; the result should be a solution prac- 
tically as colorless as water, without a trace of blue (otherwise one or 
more of the reagents already added contains phosphate), d’o the 
third beaker (C) add 40 cc. of the trichloracetic acid solution, 45 cc. 
of water, 10 cc. of Molybdate 11, and 4 cc. of the sulfonic acid reagent, 
stirring thoroughly with a clean glass rod. Into B now run 1 cc. of a 
dilute phosphate solution containing 0.005 mg. of phos|)horus per 
cubic centimeter, and mix well. Proceed in the same way, adding 1 
cc. of this phosphate solution at intervals of not less than 2 minutes, 
until B and C appear to have the same color when examined from 
above. The volume of phosphate solution which must l)e added to 
bring this about, multiplied by 0.05, is the correction (in mg. per 100 
cc.) to be subtracted from the result in the analysis of blood. 

vS. 1, 2, 4- Aminonaphtholsulfonic acid. This acid may be pre- 
pared from j3-naphthol according to Polin’s method,-" with a single 
alteration. The final product, after washing with cold water, still 
contains some colored material. This is removed by washing the 
crystals, while still wet and on the lilter, with alcohol as long as any 
color is extracted. 

The reagent may also be obtained in satisfactory condition by 
one recrystallization of “ technical ’ aminonaphtholsulfonic acid 
(Eastman Kodak Co., Rochester, N. \ .), as follows: Heat 1000 cc. 
of water to about 90® C., and dissolve in it 150 grams of sodium bisul- 
fite and 10 grams of crystalline sodium sullite. lo this mixture add 
15 grams of the crude sulfonic acid, and shake until all but the amor- 
phous impurity has dissolved, kilter the hot solution through a 
large paper (about 32 cm.), cool the filtrate thoroughly under the tap, 
and add to it 10 cc. of concentrated hydrochloric acid. Filter with 
suction, wash with about 300 cc. of water, and finally with alcohol 
until the washings are colorless. 

«J. Biol. Chem. 51, 386 (1922) 
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The purified sulfonic acid should be dried in air with the least pos 
sible exposure to light, then powdered and transferred to a hr( 
bottle. 

4. Aminonaphtholsulfonic acid, 0.25 per cent. Dissolve 0.5 grain 
of the dry powder (obtained above) in 195 cc. of 15 per cent sodium 
bisulfite, add 5 cc. of 20 per cent sodium sulfite, stopper, and shake 
until dissolved. If the bisulfite solution is old, more than 5 cc of 
sulfite will be needed, in which case add more sulfite, 1 cc. at a time 
with shaking after each addition, until solution is complete. 7'his 
reagent can be prepared in a few minutes. Only an approximate 
weight of the powder need be made. If protected from the air the 
solution should keep about two weeks. It is more stable the higher 
the acidity, hence no more sulfite should be added than is required 
to dissolve the reducing agent. 

5. Molybdate I, 2.5 per cent ammonium molybdate in 5 N sulfuric 
acid. Dissolve 25 grams of the salt in 200 cc. of water, rinse into i 
graduated liter flask containing 500 cc. of 10 \ sulfuric acid, dilute tl 
the mark with water and mix. 

6. Molybdate II, 2.5 per cent ammonium molybdate in 3 N .sul- 
func aa‘d.^ Prepare as above, but with only 300 cc. of 10 N sulfuric' 
acid. This reagent is used only in the detennination of inorganic- 
phosphate in blood filtrates. 

'vJ' cent ammom’um molybdate in water. 

his solution must be discarded as soon as a considerable amount of 
sediment (ammonium trimolybdate) forms. 

8. Sodium bisulfite. This solution must be free from turbidity 
before it can be used. In case the freshly prepared solution does not 
filter clear, let it stand 2 or 3 days before filtering. Keep well stop- 
pered. 

9. Sodium sulfite. Dissolve 200 grams of crystalline sodium sulfite, 
Na 2 S 03 • 7H2q, in 380 cc. of water, filter if necessary, and keep stop- 
pered. 

10. Standard phosphate solution. Dissolve 0.3510 gram of pure 
monopotassium phosphate, KH2PO4, in water, transfer quantitatively 
to a graduated liter flask, add 10 cc. of ION sulfuric acid, dilute to the 
mark,^ and mix thoroughly. Five cubic centimeters of this solution 
contain 0.4 mg. of phosphorus. The standard keeps indefinitely. 

Procedure for Inorganic Phosphate in Blood.— Transfer to an 
Frlenmeyer flask 4 volumes of 10 per cent trichloracetic acid. While 
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the flask is being gently rotated, run in 1 volume of blood, plasma, 
or serum — as the case may be -from a pipette calibrated for delivery 
(not contents). Close the mouth of the flask with a clean, dry rubber 
stopper, and shake vigorously a few times. The mixture may be fil- 
tered at once through an ashless paper. 

Measure 5 cc. of the filtrate into a tube graduated at 10 cc. or a 
10 cc. volumetric flask. Add 1 cc. of 2.5 per cent ammonium molyb- 
date in 3 N sulfuric acid (Molybdate II), and finally (after mixing), 
0.4 cc. of the usual sulfonic acid reagent. Dilute to the mark and mix. 
'Fhc standard, to be prepared as nearly as possible at the same time, is 
identical with the standard used for urine (0.4 mg. of phosphorus in a 
volume of 100 cc., or 0.2 mg. in a 50 cc. flask with half as much of each 
reagent), so blood and urine may be read against the same solution. 
It should be noted that the molybdate reagent added to the standard 
is always the one containing 5 N sulfuric acid (^lolybdate I), and is 
different from that used for the blood filtrate. The purpose of this, 
as stated elsewhere, is to compensate for the high concentration of 
trichloracetic acid in the filtrate. 

The reading, as with urine, may be made in about 5 minutes, but it 
should be repeated a few minutes later if the color is particularly 
strong. To calculate the result in milligrams of phosphorus per 100 
cc. of blood or other fluid (the standard being set at 20 mm.), divide 
80 by the reading. From the figure so obtained subtract the correc- 
tion for any phosphate which the trichloracetic acid may contain. 

If the inorganic phosphorus content is less than 2 mg. per cent, 1 cc. 
of the standard solution diluted 5 times fO.Olfi mg. P) should be added 
to the filtrate before adding the reagents or within 5 minutes after 
their addition. 

Determination of Total Acid-soluble Phosphorus in Blood.— This 
determination is similar to the one above, except that the organic 
matter is destroyed by heating with nitric and sulfuric acids. Five 
cubic centimeters of the trichloracetic acid filtrate should be used if 
possible. Boil this down, over a micro-burner, in a large lipped 
Pyrex test tube (200 by 25 mm.) with 5 cc. of 5 N sulfuric acid (or 2.5 
cc. of 10 N) and a piece of quartz to prevent bumping. The bottom of 
the tube should be about 2 cm. above the burner tip. As soon as 
charring can be seen, or fumes appear, turn the flame down very low, 

” Oxalate is the most suitable anticoagulant. Use 2, or at the most 3, mg. of potas- 
sium oxalate per cubic centimeter of blood. 
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SO that the mixture barely boils, and heat until there is no further 
blackening. Now add 1 drop of nitric acid so that it runs down the 
wall of the test tube— it should not fall directly into the digestion mix- 
ture. If the color does not promptly disappear, add another drop of 
nitric acid in the same manner, and continue in this way until there is 
no color left. Nothing is gained by using a large amount of nitric 
acid. Ordinarily a single drop will be enough, and then about 30 
seconds further boiling with the same low flame (to remove most of the 
nitric and nitrous acids left) will complete the ashing process. 

Cool the tube under the tap, rinse the contents into a 50 cc. volu- 
metric flask with 35 cc. of water, add 5 cc. of Molybdate III (2.5 per 
cent ammonium molybdate in water alone) and 2 cc. of the reducing 
agent. Dilute to the mark, and proceed as usual, reading against the 
standard that has been described before. 400 divided by the reading 
will give the desired result in milligrams per 100 cc. of blood. 

The analysis may be made with 1 cc. of filtrate, using 1 cc. of 5 N 
sulfuric acid. The procedure is then otherwise the same as that 
described above, except that the final dilution must be 10 cc. (instead 
of 50) and the reagents diminished in proportion. It is safer, in this 
case, to use a smaller test tube (about 10 mm. in diameter) for the 
digestion. (See Note.) The most probable cause of loss of phos- 
phate is superheating at the edge of the meniscus, which should con- 
sequently be as far removed as possible from the source of heat. 

Determination of Inorganic Phosphate in Urine.—Measure into a 
100 cc. volumetric flask enough urine to contain between 0.2 and 0.8 
mg. of inorganic phosphorus (usually 1 or 2 cc.). Add water to 
bring the total volume to 70 cc., followed by 10 cc. of 2.5 per cent 
ammonium molybdate made up in 5 N sulfuric acid (Molybdate I), 
and 4 cc. of 0.25 per cent aminonaphtholsulfonic acid. After the 
addition of each reagent, the solution should be mixed by gentle 
shaking. , 

At the same time transfer to a similar flask 5 cc. of the standard 
phosphate solution (containing 0.4 mg. of phosphorus), 65 cc. of 
water, and the same reagents that were added to the urine sample. 
Dilute the contents of each flask to the mark, mix, and compare in the 
colorimeter after 5 minutes. 

Note. — To prevent excessive foaming, some stable and not too 
volatile inhibiting agent (e.g., phenyl ether) may be found helpful. 
It should be added from a tube drawn out to a fine capillary, so that 
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the drops are very small Only 1 drop should be used to start with, 
and no more added later unless the first drop has all been driven off 
before the foaming stage is passed. 

DETERMINATION OF INORGANIC PHOSPHATE IN BLOOD BY 
THE BENEDICT AND THEIS METHOD^-* 

This method is the same in principle as that of Fiske and Subbarrow 
(page 348). A solution of sodium bisulfite and hydroquinone is used 
as the reducing agent. 

Reagents. 

1 . Sulfuric acid, sp. gr. 1.84. 

2 . Molybdate reagent. Add 25 cc. of 20 per cent sodium hydrox- 
ide solution to 20 grams of ammonia-free molybdic acid. Gently warm 
till solution is complete, cool, dilute to 250 cc. and filter if necessary. 

3. Hydroquinone-sulfite solution. Dissolve 30 grams of sodium 
bisulfite in 100 cc. of water in a 200 cc. graduated flask, add 1 gram of 
hydroquinone, dilute to the mark, and mix. 

4. Standard phosphate solution. Prepare a stock solution con- 
taining 0.4388 gram of KH 2 PO 4 per liter. Dilute 5 cc. of this solution 
to 100 cc. with water, thoroughly mix, and add a little chloroform to 
preserve. One cubic centimeter of the diluted solution contains 0,005 
mg. of phosphorus. 

Procedure. Place in a test tube 5 cc. of the filtrate obtained as in 
the Fiske and Subbarow method (page 348), and add 3 cc. of distilled 
water and 1 cc. of the molybdate reagent (diluted just before using 
with an equal volume of sulfuric acid, sp. gr. 1.84). Next add 1 cc. of 
the hydroquinone-sulfite solution, mix, stopper loosely, and place in a 
boiling water-bath for 10 minutes with a simultaneously prepared 
standard solution of potassium dihydrogen phosphate containing 
0.025 mg. of phosphorus in 5 cc. which has been trcated^imilarly to the 
blood filtrate. 

Notes. 

I. Using a standard containing 0.025 mg. of phosphorus, a satis- 
factory degree of accuracy is obtained with unknowns having a phos- 
phorus content between 0.0125 and 0.05 mg. 

J. Biol. Chem., 61, 63 (1924); see also Hawk and Bergeim, Practical Physiological 
Chemistry, 9th cd., p. 406. P. Blakiston’s Son and Co., Philadelphia, 1926. 
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2. The color obtained by the above procedure is very intense and 
quite stable. The color of a standard solution was found to remain 
unchanged for several days. Heating longer than 10 minutes will 
produce a little increase in color intensity in both standard and blood 
filtrate, but the proportionality is the same at the end of an hour as 
at the end of 10 minutes. 

DETERMINATION OF PHOSPHATE AND SILICA IN THE PRESENCE 
OF EACH OTHER BY AMMONIUM MOLYBDATE 

For this determination sec page 369. 



CHAPTER XXIX 


PLATINUM 

DETERMINATION OF PLATINUM BY POTASSIUM IODIDE » 

When potassium iodide is added to a solution containing PtClo 
ions a red color develops, due to the formation of red Ptlo"" ions. 
The intensity of the color is proportional to the platinum content 
and hence may be made the basis for the determination of this element. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19, and 1 N. 

2. Nitric acid, sp. gr. 1.42, and 6 N. 

3. Oxalic acid. 

4. Potassium iodide, 2 per cent. 

5. Zinc, 20-mesh. 

6. Standard platinum solution. Dissolve a weighed quantity 
of pure platinum in aqua regia, evaporate to dryness, and dilute so 
that the solution contains 0.01 mg. of platinum per cubic centimeter. 

Procedure. Dissolve a convenient sized sample in hydrochloric 
acid and precipitate the platinum, gold, silver, and copper by treat- 
ment with 20-mesh zinc in hydrochloric acid. Filter, wash free from 
chloride, and dissolve the silver and copper in dilute nitric acid. 
Filter and thoroughly wash. Dissolve the platinum and gold in aqua 
regia, carefully evaporate to dryness, take up the residue in a little 
dilute hydrochloric acid, transfer the solution to a volumetric flask 
(100 or 250 cc.), and precipitate the gold with oxalic acid or ferrous 
sulfate. Dilute to the mark, thoroughly mix and allow the precipitate 
to settle. Pipette off an aliquot part of the clear liquid, transfer it to a 
Nessler tube, add 0.5 cc. of I N hydrochloric acid and 5 to 20 drops 
of 2 per cent potassium iodide solution. At the same time have ready 
a series of Nessler tubes containing measured quantities of the standard 
platinum solution and treat these in the same manner along with the 
G, R. Ardagh, F. S. Seaborne, and N. S. Grant, Can. Chem. Met., 8, 117, 140 (1924). 
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sample. After the solutions have stood one hour at room tempera- 
ture, the sample is matched against the standards. 

Notes. 

1. The optimum quantity of platinum is about 0.2 mg. per 50 
cc. of solution. 

2. The intensity of the color increases slowly on standing, about 
90 per cent of the total intensity being reached in an hour. Comparison 
may be made at the end of one hour provided the potassium iodide 
solution was added to sample and standards at the same time, other- 
wise sufficient time must be given to insure maximum intensity. 

3. The color does not develop as rapidly in freshly prepared solu- 
tions as in older ones, and this may be a grave source of error. The 
maximum intensity is, however, the same, regardless of the age of 
the solution. 

4. The color matching is best made in a colorimeter but Nessler 
tubes are satisfactory. 

5. It is advisable to allow the color to develop at room tempera- 
ture. 

6. All acids except hydrochloric are detrimental. 

7. The quantity of potassium iodide used has little effect, pro- 
vided sufficient is added to produce the full intensity of color. 

8. The heavy metals likely to be present cause trouble, and hence 
must be removed. 



CHAPTER XXX 


POTASSIUM 

DETERMINATION OF POTASSIUM BY PRECIPITATION WITH CHLOR- 

PLATINIC ACID AND REDUCTION WITH STANNOUS CHLORIDE ‘ 

The potassium is precipitated as potassium chlorplatinate and the 
latter reduced with stannous chloride in the presence of hydrochloric 
acid. The yellow color produced by the stannous chloride is propor- 
tional to the amount of platinum present, which in turn is propor- 
tional to the potassium content. The standard solution is prepared 
from potassium chlorplatinate and, hence, the color comparison may 
be made directly in terms of the potassium. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Hydrochloric acid, 6 N. 

3. Chlorplatinic acid, 10 per cent. 

4. Alcohol, 95 per cent. 

5. Stannous chloride. About 100 grams of granulated or pow- 
dered tin are boiled in 500 cc. of concentrated hydrochloric acid in an- 
Krlcnmeyer flask until solution is about complete. The solution is 
kept in a tightly stoppered bottle containing a few pieces of mossy tin. 

6. Standard potassium chlorplatinate. Dissolve 0.0516 gram of 
potassium chlorplatinate, K 2 PtClG, in water and dilute to 1 liter. Mix 
thoroughly. One cubic centimeter of this solution contains 0.01 mg. 
of K 2 O. 

Procedure.— Measure out a sample of such size that its potassium 
content is between 0.1 and 1 mg. If a .solid, dissolve in water, or hydro- 
chloric or nitric acid if necessary. Add I cc. of sulfuric acid (sp. gr. 
1.84), evaporate to dryness, and thoroughly ignite. Dissolve the res- 
idue In hot water, acidify with a few drops of hydrochloric acid, and 
add chlorplatinic acid in excess. Evaporate the solution to a thick 

1 L. A. Hill, J. Am. Chem. Soc., 25, 990 (1903). 

,‘1.57 
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paste in a small dish, add a few cubic centimeters of alcohol, filter off 
the precipitate, and wash it thoroughly with alcohol, using successive 
small portions. Dissolve the precipitate in boiling water, cool, and 
dilute to 50 cc., or to 100 cc. if the potassium content is high. Trans- 
fer the solution (or one-half of it if diluted to 100 cc.) to a Nessler 
cylinder, add 3 cc. of the stannous chloride solution and mix. Com- 
pare the yellow color thus produced with that of a series of standard 
solutions prepared under similar conditions. 

Notes. 

1. The stannous chloride solution will produce a distinct yellow 
color when added to 50 cc. of a solution containing as little as 1 part of 
K 2 O per million. 

2. The following results were obtained by Hill.- They have been 
selected as representative of the 21 analyses reported. 


TABLK XXXI 


K 2 O Aflflcd 
p.p.m. 

K 2 O Found 
p.p.m. 

1.0 

0.8 

1.0 

1.0 

1.0 

1.2 

5.0 

5.0 

5.0 

4.9 

10.0 

11.6 

10.0 

11.2 


3. The method is especially suitable in the analysis of soil extracts, 
drainage waters, and also minerals and other substances in which the 
potassium content is too low to permit an accurate gravimetric deter- 
mination. 

4. If the color comparison is to be made by the balancing or dilu- 
tion method, a suitable standard is obtained by adding 5 cc. of 
hydrochloric acid and 10 cc. of stannous chloride to 200 cc. of the 
standard potassium chlorplatinate solution and diluting to 250 cc. 
Thoroughly mix. One cubic centimeter of this solution contains 0.008 
mg. of potassium. 

* Loc. cit. 
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The method of duplication may also be employed. The standard 
potassium chlorplatinate solution is run into 25 cc. of water containing 
3 cc. of stannous chloride and the final volume brought up to that of the 
sample by adding water. 

DETERMINATION OF POTASSIUM BY THE ADDITION OF POTASSIUM 
IODIDE TO THE CHLORPLATINATE 

This method'^ depends upon the formation of a pink color when 
potassium iodide is added to a dilute solution of potassium chlorplat- 
inatc containing one drop of concentrated hydrochloric acid. The 
most satisfactory range of concentration of potassium seems to be 1 
to 10 parts per million. If a little alcohol is added with the potassium 
iodide and the solution heated, the pink color rapidly develops (always 
with a yellow or brown tinge) but changes in a few minutes into a clear 
yellow. Either the pink or the yellow color may be used for the com- 
parison, the former being preferable for relatively low concentrations 
and the latter better for higher concentrations. (See Notes.) 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Sulfuric acid, sp. gr. 1.84. 

3. Potassium iodide. Dissolve 86 grams of potassium iodide in 
water and dilute to a liter. 

4. Alcohol, 95 per cent. 

5. Standard potassium chlorj^latinate solution. Dissolve 0.1032 
gram of potassium chlorplatinate, K 2 PtClG, in ammonia-free water, 
dilute to a liter, and thoroughly mix. For the series of standards or 
duplication method, 10 cc. of the standard solution are diluted to 
100 cc. and mixed. One cubic centimeter of the solution contains 
0.002 mg. of K 2 O. If the method of dilution or baljincing is to be 
used, 5 cc. of the standard solution are mixed with 5 cc. of potassium 
iodide solution and made up to 100 cc. This solution contains 0.001 
mg. of K 2 O per cubic centimeter. 

Procedure A: Pink Color Method. — If the sample contains am- 
monium salts or organic matter these must be removed. This is 
accomplished by evaporating to dryness with a few drops of sulfuric 

» F. K. Cameron and G. H. Failyer, J. Am. Chem. Soc., 26, 1063 (1903); cf. Morrell, 
ibid,, 2, 145 (1880). 
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acid (sufficient to combine with all the bases) and then heating to a 
dull red heat, rotating the flame or dish so that all portions of the resi- 
due are heated thoroughly. Cool, add one drop of concentrated 
hydrochloric acid and then platinic chloride in slight excess. Rotate 
the dish so that the platinic chloride comes in contact with all portions 
of the residue, a few drops of ammonia-free water being added if 
necessary. Evaporate to dryness (or to a very stiff paste) on a water- 
bath, cool, and wash the residue on to an asbestos filter, using the 
smallest possible quantity of alcohol. Wash the precipitate six or eight 
times with alcohol, using 1 or 2 cc. portions ynd taking care to remove 
(by gentle suction) the alcohol as much as possible after each addition. 
After standing sufficiently long to insure the evaporation of all the 
alcohol, the precipitate is then washed through the asbestos filter with 
hot water. After the filtrate has cooled, add one drop of concen- 
trated hydrochloric acid and then potassium iodide solution in large 
excess (at least 5 times the theoretical required to form K 2 PtlG). 
Allow the solution to stand at least 4 hours in order that the maximum 
intensity of the pink color may develop. Then compare against a 
standard solution, diluting if necessary. Any of the usual methods of 
color matching may be employed, but Cameron and Failyer^ used the 
method of balancing. (See Notes for some of their results.) 

Procedure B: Yellow Color Method. — This method is carried out 
in the same way as Procedure A, except (1) that it is not necessary 
to remove by evaporation the alcohol used to wash the precipitate of 
chlorplatinate, and (2) that the addition of a drop of concentrated 
hydrochloric acid may be omitted, since , the presence of free acid 
retards the development of the yellow color. To the hot water solu- 
tion (without cooling) of the chlorplatinate add a large excess of 
potassium iodide solution (5 times the theoretical required to form 
K 2 Ptl 6 ) and a small quantity of alcohol. Upon heating the solutic n 
a pink color, with a yellow or brown tinge, rapidly appears, and in a 
few minutes changes to a clear yellow. The solution is then matched 
against a standard prepared in a similar way. 

If desired, the yellow color may be used as a check on the pink 
color. After the pink color has been compared with a standard, a 
little alcohol is added and the solution heated till the clear yellow color 
develops. On account of the free acid present in the pink solution, the 
development of the yellow color will be retarded. * 

* Loc. cii. 
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Notes. 

1. The pink or rose color is probably due to the formation of a 
double salt of potassium iodide and platinic iodide or chloride. It is, 
of course, only an indirect method for the detection and estimation of 
potassium, the same reaction being used as a delicate test for small 
amounts of platinum. 

2. Any ammonium salts present must be removed since they 
would precipitate a slightly soluble double chloride with platinic chlo- 
ride. Organic matter would color the solution and hence must also be 
removed. If ammonium salts and organic matter are absent, the 
sulfuric acid treatment is omitted. One drop of concentrated hydro- 
chloric acid and a slight excess of platinic chloride are added directly 
to the original solution and a single evaporation made. 

3. All operations must be carried out so that no ammonia has 
access to the solutions. Use only ammonia-free water for reagents 
and for diluting. 

4. An excess of platinic chloride must be used in order to precipitate 
all of the potassium, but all forms of platinum other than the potas- 
sium chlorplatinate must be removed before treating with potassium 
iodide. Potassium chlorplatinate is fairly soluble in alcohol but the 
rate of solution is so slow that the amount lost by rapid washing with 
small quantities of alcohol may be disregarded. 

5. Experiments by Cameron and h\iilyer'^ have shown that five 
times the amount of potassium iodide theoretically required to form 
K 2 Ptl 6 must be used. A larger excess showed no advantages. 

6. The desirable tint of red is obtained in a strong solution and, 
hence, any necessary dilution is made only after the maximum pink 
color has developed. This requires about 4 hours or longer. 

7. The one drop of concentrated hydrochloric acid is added to 
speed the formation of the pink color. Only a very small amount of 
free acid is permissible, since otherwise it would liberate iodine. 

8. The yellow color produced by the presence of alcohol when 
potassium iodide is added to platinic chloride solutions is not as intense 
as the pink obtained when alcohol is absent, but is probably easier 
to “ match ” and is, therefore, recommended when relatively high 
concentrations are to be determined. It is also quite useful in that it 
affords a ready check upon the determination by the pink color. 

® Loc. cit. 
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9. The pink color can be brought to its maximum intensity within 
a few minutes by warming the solution after adding the potassium 
iodide, but requires 4 hours or longer at room temperature. How- 
ever, unless great care was taken to remove all the alcohol before dis- 
solving the precipitate of potassium chlorplatinate, warming the solu- 
tion will be likely to produce a brownish or yellowish tinge in the pink 
and, hence, make the comparison difficult, or even impossible. The 
alcohol may be removed by evaporation at room temperature. Iffie 
evaporation may be hastened by drawing a slow current of air (prefer- 
ably dry) through the precipitate. 

10. Cameron and Failyer® have tested the accuracy of the “ pink ” 
method by using a series of solutions of potassium chlorplatinate. 
Their results are given in the following table in which potassium is 
expressed in parts per million of solution. A portion of (g) diluted 
four times was employed as a standard for the comparisons. 



a 

h 

c 

d 

c 

/ 

(.’alculatcd 

0,16 

0.31 

0.62 

0 . 04 

1.40 

2.03 

Found 

0.17 

0.33 

0.64 

0.94 

1.40 

2.01 


The greatest divergence between the calculated and found amounts 
in this series is only one part in 50,000,000 parts of solution, although 
the percentage error is slightly greater than 6 per cent. Considering 
the magnitude of the quantities involved, the accuracy is excellent. 

These authors also tested the accuracy of the method when other 
bases than potassium are present. The results they obtained while 
developing the method are given in the following table, as indicating 
the probable accuracy that may be expected when the method is being 
used by a person for the first time. With more experience, the 
accuracy of the method should be increased. 


® Loc. cU. 
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TABLE XXXII 


K Calculated 

K Found 

F.p.m. 

P.p.m. 

50 

52.7 


48.0 
48 . 0 
58 5 
52.7 


50 parts Na, 50 parts Mj^, and 50 parts Ca per 1,000,- 
000 parts of solution, also present. 


20 


5 


20 


19.8 
19.4 
20 , 2 
21 .0 
19.4 


I 20 parts Na, 20 parts M/^, and 20 parts Ca per 1,000,- 
1 000 parts of solution, also present. 


6 4 
6 4 
6.9 
6.0 

20.2 

20.1 

20.1 

20.0 


5 parts Na, 5 parts Mf^, and 5 parts Ca per 1,000,000 
parts of solution, also present. 


No other base present. 


12 7 

1.C8 


1 .\(|U 


0 (»us extract of a soil * 


30 . 6 
30.2 


.\(|ueous extract of a soil * 


58.0 


61 ,0 



.\(lueous extract of a soil * 


* One of the eiRlit e.xtracts rcporlol by C. and V. The data are rei)resentativc. 


11. Breazealc and Smith ^ have tested the above method independ- 
ently, “ against standards prepared by themselves, developing first 
the pink color and then subsequently developing the yellow color in 
the identical solutions which had just been read, and then re-reading.” 
The test was made with a series of solutions containing known amounts 
of potassium and prepared by Cameron and Failyer. The following 


’ See Cameron and Failyer, he. cit. 
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table gives some (about half) of their results selected as representative 
The figures refer to parts of potassium per million of solution. 


'J'ABLK XXXIir 


Found by Breazeale 

1 Found by Smith 

Calculated 

Pink 

Yellow 

Pink 

Yellow 

0.75 

0.80 

0.84 

0.70 

0.80 

2.50 

2.48 

2.62 

2,40 

2.40 

2.50 

2.48 

2.52 

2.40 

2.40 

3.75 

4.44 

3.40 

4.00 

3.80 

10.00 


10.00 




A series of water extracts of soils containing other bases along with 
potassium was compared by Cameron and Failyer, using both the 
pink and the yellow color methods. Four of the eight extracts com- 
pared gave the following results, which are representative: 


TABLE XXXIV 


Pink 

Yellow 

K, p.p.m. 

K, p.p.m. 

2 4 

2.8 

5.7 

5.4 

17.7 

17.1 

23.9 

26.2 
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SELENIUM AND SILICON 

DETERMINATION OF SELENIUM AS SELENIOUS ACID BY 
POTASSIUM IODIDE ' 

The meth(xl is based upon the color produced by the action of 
sclcnious acid on potassium iodide. 

Reagents. 

1. Hydrochloric acid, i.S N. 

2. Potassium iodide. Must be colorless. 

3. Gum arable solution. 

4. Standard sclcnious acid solution. Dissolve 0. 1632 gram of pure, 
crystalline selenious acid, H 2 SeO;{, in water, dilute to a liter and mix 
thoroughly. One cubic centimeter of this solution contains 0.1 mg. 
of selenium. In case it is desired to report the results in terms of 
selenious acid, the standard is made by dissolving 0.1000 gram of 
H 2 Se 03 per liter of solution. One cubic centimeter of this solution 
contains 0.1 mg. H 2 Se 03 . 

Procedure.~In case the sample is very concentrated in selenious 
acid, use 5 cc. A larger volume may be used for weaker solutions. 
A measured quantity of the sample is placed in a Nesslcr tube, one 
drop of gum arabic solution and 5 cc. of 1.5 N hydrochloric acid are 
added, the solution diluted to 99 cc., and mixed. One cubic centi- 
meter of the potassium iodide solution is then added, the solution 
thoroughly mixed, allowed to stand 5 minutes, and then matched by 
dilution against I cc. of the standard treated in the same way as the 
sample. 

Note.— The above method will detect as little as 0.001 mg. of 
selenium per cubic centimeter. 

^ J. Meyer and W. von Gain, Z. anal. Chem., 63, 29 ( 1914 ). 
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DETERMINATION OF SILICON BY REDUCTION OF THE SILICOMO- 
LYBDATE BY SODIUM SULFITE 

Method of Isaacs 

Silicates and phosphates form yellow silico- and phosphomolyb- 
dates with ammonium molybdate in acid solution. On treatment 
with sodium sulfite the silico- and phosphomolybdates give a blue 
reduction product. However, “ silicomolybdates are reduced by 
sodium sulfite in the presence of a much lower concentration of hydro- 
gen ions than is necessary for reduction of phosphomolybdates 
and it should, therefore, be possible to determine silicon, even in the 
presence of phosphates, by a suitable adjustment of the acidity before 
adding the sodium sulfite. Such a procedure has been developed by 
Isaacs^ for the determination of silicon in tissues. The reliability of 
Isaacs’ method has been confirmed by Foulgcr^ who showed that 

(1) “ phosphomolybdates do not give a blue reduction product when 
treated with sodium sulfite in the presence of acetic acid,” and that 

(2) “ quantitative mixtures of silicate and phosphate do not give a 
color more intense than would be given by solutions having the same 
concentration of silicate but no phosphate.” The procedure given 
below is that of Isaacs. 


Reagents, 

1. Nitric acid, sp. gr. 1.42. 

2. Acetic acid, 10 per cent. 

3. Boric acid. Use a saturated solution. 

4. Sodium hydroxide, 2 per cent. Dissolve 1 gram of pure metallic 
sodium in 50 cc. of distilled water in a nickel vessel. 

5. Ammonium molybdate, 10 per cent. This solution can be kept 
a week. 

6. Sodium sulfite. Use a saturated solution. 

7. Calcium nitrate, Ca(N 03 ) 2 - 4 H 20 , 5 per cent. 

8. Standard silica solution. This solution can be prepared con- 
veniently by dissolving a small amount of potassium silicate in a liter 

* J. H. Foulger, J. Am. Chem. Soc., 49, 434 (1927). 

‘Bull. soc. chim. biol., 6, 157 (1924). 

‘ Loc. cit. 
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of distilled water and then dctcnnining the exact concentration colori- 
metrically by comparison with a known weight of silica which has been 
fused with sodium carbonate and dissohx'd in a measured quantity of 
distilled water. The standard solution generally keeps 2 weeks, but 
occasionally a little silica precipitates after standing only a few days. 

One cubic centimeter of the standard solution should contain 1 mg. 
of silica. 

Procedure. — Weigh out 0.5 gram of dry tissue into a platinum 
crucible and add, successively, I cc. of boric acid solution, 1 cc. of cal- 
cium nitrate solution, and about 2 cc. of nitric acid. Place the crucible 
on the steam-bath until the tissue is dissolved; then heat it directly 
until the mass begins to char. Add more nitric acid and heat in such a 
manner as to obtain a white ash. The calcium nitrate facilitates this 
operation, and the boric acid prevents the loss of silicon as the tetra- 
fluoride. The white ash is moistened with a few drops of nitric acid 
and heated gently until the excess acid is eliminated. The purpose of 
this operation is to convert the calcium oxide into the nitrate. 

Next add 2 to 3 cc. of water and 3 cc. of sodium hydroxide solution. 
Heat to boiling and rotate the crucible so that the mass touches all 
sides. Add a sufficient quantity of acetic acid to neutralize the sodium 
hydroxide and then an excess of 3 cc., tO cc. of water, and 5 cc. of 
ammonium molybdate solution. Transfer the solution to a Pyrex 
test tube graduated at 25 cc. 

At the same time the sample solution is being i)repared, a standard 
comparison solution is made by placing in a similar tube 1 cc. of the 
standard silica solution, 12 cc. of water, 3 cc. of acetic acid, and 5 cc. 
of ammonium molybdate solution. 

The two tubes are put in boiling water for 5 minutes; then to each 
is added 2 cc. of sodium sulfite. A blue coloration develops. The 
colors are then compared in a colorimeter, or in Nesslcr cylinders by 
the method of dilution. • 

If the tissue contains blood, the iron changes the final color to 
green. In order to obtain a suitable standard for comparison, pro- 
ceed as follows: 

Place in a test tube 15 cc. of water, 3 cc. of 10 per cent acetic acid, 
5 cc. of 10 per cent ammonium molybdate solution and 1 cc. of a 10 
per cent solution of ferric ammonium alum. Place the tube in boiling 
water for 5 minutes and add 2 cc. of sodium sulfite solution. Thus a 
yellow solution is obtained which can be added to the comparison 
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standard so as to obtain a tint similar to that of the test solution. 
Strict account of the extent of dilution must, of course, be kept. 

Notes. 

1. A correction must be made for silica in the reagents. Nitric 
acid, acetic acid, ammonium molybdate, sodium sulfite, and distilled 
water may be obtained silica-free. Boric acid and sodium hydroxide 
usually contain silica. This correction can be obtained by using a 
“ blank.’’ The nitric acid can be tested separately by adding 1 cc. of 
ammonium molybdate solution to 50 cc, of the acid. If no yellow 
coloration develops, the acid contains no silica. 

2. Sometimes the test liquid is turbid. In such cases it should be 
filtered. 

3. In more than one case Isaacs was able to determine as small a 
quantity of silicon as 0.5 mg. in 100 grams of dried tissue. Since he 
took only a 0.5 gram sample of tissue for ashing, his colored solutions 
in these cases contained only 0.0025 mg, of silica, or 0.00115 mg. of 
silicon. It is obvious that with such a sensitive method great care 
must be taken to avoid an error due to silica present in the reagents 
even in very small traces. 

4. “ Bertrand states that the color of the blue solution increases 
in intensity in cour.se of time. This is true, but the fact does not inval- 
idate Isaacs’ method. If standard and test solution are prepared at 
the same time, even after standing for 27 hours, the ratio of color 
intensity of the two solutions is not greatly different from the color 
ratio of the freshly prepared solutions. With the standard at 10 mm. 
on the colorimeter scale in both cases, an unknown silicate solution 
matched the standard at 22.2 mm. when freshly prepared, and at 
22.5 mm. 27 hours later. The calculated amounts of silicon in the 
unknown, on the basis of 0.7 mg. of silicon in the standard, were 0.315 
and 0.311 mg., respectively. The difference corresponds to an error 
of 1.2 per cent, which is within the limits of error of a colorimetric 
method.”-'’ 

5. The reduction of silicomolybdates, in mixtures of silicomolyb- 
dates and phosphates, is retarded or inhibited by phosphates if the 
latter are present in sufficient concentration. Within the limits of 
phosphate concentration found in the ash from animal tissue, the 

® J. H. Foulger, loc. cU.\ cf. Bertrand, Bull. soc. chim. biol., 6, 656 (1924). 
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retarding action of phosphate can be removed by slightly increasing 
the acidity of the system before addition of the reducing agent. 

“ The method might be slightly improved, perhaps, in estimating 
silicon in the presence of large amounts of phosphorus by adding up to 
7 cc. of 10 per cent acetic acid in making up the test solution. This 
still keeps the acidity far below that required for the reduction of phos- 
phomolybdate.”® 

6. “ The fact that both silicon and phosphorus can be estimated by 
the color produced on reduction of their molybdates would suggest 
that the results for the phosphorus content of tissues obtained by this 
method are actually estimations of phosphorus plus silicon. We have 
experimental evidence that some procedures for estimation of phos- 
phorus by reduction of the phosphomolybdate can l^e used equally well 
for the estimation of silicon, d'his question is worthy of a separate 
investigation. We are undertaking further research on this point and 
on the whole mechanism of the reduction of molybdates. 

DETERMINATION OF SILICA AND PHOSPHATE IN THE PRESENCE 
OF EACH OTHER BY AMMONIUM MOLYBDATE 

This method, due to Schreiner," is based upon the yellow color 
of ammonium silicomolybdate and ammonium phosphomolybdate. 
Since silica solutions will give difTerent intensities of color under dif- 
ferent conditions, while phosphate solutions give the same depth of 
color under these different conditions, it is possible to estimate the two 
constituents simultaneously and in the presence of each other. 

By experiment it has been shown that if ammonium molybdate 
and nitric acid are added to a silica solution an hour apart, the color 
of the silicomolybdate is half as great as the color produced by adding 
them simultaneously. Hence, by using two samples as follows, both 
silica and phosphate can be obtained. Add acid and molybdate to 
one and in 20 minutes take a reading [A reading]; to the other sample 
add molybdate only, let stand 1 hour and add acid, and in 20 minutes 
take a reading [B reading]. From these two readings the amounts of 
phosphate and silica can be calculated. If the phosphate content is 
less than the silica, as is frequently the case in natural waters, a mea- 

' 0. SchSr J. Am', a Soc., 25, 1056 (1903); ibid., 26, 808 (1904); A. T. Lincoln 

and P. Barker, ibid., 26, 975. 
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sured quantity of phosphate is added to equal or exceed the amount of 
silica present. 

The method is applicable to the determination of phosphates and 
silica in soil and plant extracts and in waters. 

Reagents. 

1. Nitric acid, sp. gr. 1.07. 

2. Standard silica solution. Dissolve about 5 grams of precipi- 
tated and washed silica in an excess of sodium hydroxide made from 
metallic sodium. Make the solution faintly acid with nitric acid, 
dilute to a definite volume, mix, and determine the silica in an aliquot 
part. Dilute the strong solution until 1 cc. contains 1 mg. of Si02. 

3. Standard phosphate solution. Dissolve 0.5043 gram of disodium 
hydrogen phosphate, Na 2 HP 04 - I 2 H 2 O, in water, add 100 cc. of nitric 
acid, sp. gr. 1.07, dilute to a liter, and thoroughly mix. This solution 
contains 0.1 mg. of P 2 O 5 per cubic centimeter. 

Procedure — Place two 50 cc. samples in Nessler tubes. To one 
add 5 cc. of nitric acid, sp. gr. 1.07, and 4 cc. of ammonium molybdate 
solution, let stand 20 minutes and compare with a standard phosphate 
solution prepared simultaneously by adding the same quantities of 
reagents. [A reading.] To the second sample add 4 cc. of ammonium 
molybdate solution, let stand 1 hour, then add 5 cc. of nitric acid, 
sp. gr. 1.07, and in 20 minutes compare with the standard. [B read- 
ing.] If phosphate is absent, the ratio of the A reading to the B read- 
ing is 2 : 1. If phosphate is present, the difference between the A 
reading and the B reading represents one-half the silica coloration, and 
twice this difference subtracted from the A reading gives the value of 
the color due to phosphate. 

Notes. 

1. The 5 cc. of nitric acid, sp. gr. 1.07, added to 50 cc. of the sample 
has been found by experiment (Schreiner, and Lincoln and Barker)* to 
give the greatest intensity of color. 

2. Schreiner^ has pointed out that when the amount of phosphate 
is very low in comparison with the silica (as is frequently the case in 
drinking waters), a relatively considerable error in the phosphate 

® Loc. cit. 

* Loc. cit. 
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determination may result. It occurred to Lincoln and Barker^® 
“ that since Schreiner’s method gives such gootl results when the 
P 2 O 6 and Si02 are approximately equal or the P 2 O 5 in excess, that if 
we were to add a quantity of P 2 O 5 sufficient to bring the P 2 O 5 content of 
the water up approximately to that of the SiO^, or in excess of it, that the 
original amount of P 2 O',, and incidentally the SiOi, could be readily and 
very accurately determined.'^ This was tested thoroughly by Lincoln 
and Barker and found to be true. These authors examined between 
5,000 and 6,000 water analyses by the Illinois State Water Survey 
in order to ascertain the maximum and minimum amounts of silica in 
the several types of water in the State of Illinois. They found that 
by adding 0.5 mg. of P 2 O 5 to 75 cc. of sample of water, very satisfactory 
results for P 2 O 5 and Si 02 can be obtained. By adding 0.5 mg. of 
P 2 O 5 to solutions of P 2 O 5 and Si02, Lincoln and Barker obtained 
the following results: 


TABLE XXXV * 


Constituents Present, 
Milligram 

Found, Milligram 


Si()2 

PiOs 

SiOj 

0,01 

0,20 

0.02 

0.19 

0,05 

0.20 

0.05 

0.20 

0.50 

0.20 

0 52 

0.18 

0.01 

0.40 

0.02 

0 .59 

0.50 

0.40 

0.48 

0.40 


• Only a few representative results are (luotcd here in order to s.ave space. 


3. Iron salts do not affect the results unless present to the extent 
of 20 or more parts per million of solution. In soil extt'acts, the con- 
centration is seldom greater than 5 parts per million. 

4. The different colorations produced by silica solutions under 
the two conditions in the above procedure are probably due to the 
formation of different silicomolybdates. Phosphate under these two 
conditions gives the same intensity of color and, hence, presumably 
the same phosphomolybdate. 


Loc. cit. 
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SULFUR AND HYDROGEN SULFIDE 
DETERMINATION OF SULFUR AS LEAD SULFIDE 

The method is used in the estimation of sulfur in iron, steel, etc. 
The metal is heated in a current of hydrogen with a mixture of sulfuric 
and hydrochloric acids, and the evolved gases are passed through a 
red-hot porcelain tube and finally absorbed in a potassium hydroxide 
solution of lead oxide. The precipitated lead sulfide is washed, dis- 
solved in nitric acid, the solution neutralized, diluted, and ammonium 
sulfide added. The resulting colloidal solution of lead sulfide is 
matched against a standard prepared similarly. 

Reagents. 

1 . Hydrochloric acid, 6 N. 

. 2. Sulfuric acid, 6 N. 

3. Nitric acid, 6 N. 

4. Acetic acid, 6 N. 

5. Sodium hydroxide, 6 N. 

6. Lead oxide solution. Dissolve 10 grams of PbO in 250 cc. of 
strong potassium hydroxide solution. 

7. Hydrogen. Purify the hydrogen by bubbling it through a 
copper sulfate solution. 

8. Ammonium sulfide, 6 N. Use a freshly prepared solution. 

9. Standard lead solution. Dissolve 51.65 grams of lead nitrate in 
water and dilute to a liter. Mix thoroughly. One cubic centimeter 
of this solution contains 32.31 mg. of lead and is equivalent to 5 mg. of 
sulfur. 

Procedure.— Weigh out a sample sufficient to contain 0.1 to 10 mg. 
of sulfur, place in a vessel having an inlet- and an outlet-tube, the 
latter being connected to a porcelain tube heated red-hot and leading 
into a suitable absorption vessel containing a caustic potash solution 
of lead oxide. Add through a dropping funnel a mixture of dilute sul- 
.372 
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furic and hydrochloric acids. Hydrogen is then passed through the 
mixture. The evolved gases pass through the hot tube and then into 
the absorption vessel where lead is precipitated as the sulfide. Filter 
off the lead sulfide, wash it first with water and then with acetic acid, 
again wash with water, dissolve in nitric acid, neutralize the solution 
with sodium hydroxide, and dilute to a convenient volume. To the 
whole of the solution, or a suitable aliquot part, add I cc. of ammonium 
sulfide solution, mix gently, and match against a standard prepared 
by adding 1 cc. of ammonium sulfide solution to a measured quantity 
of the standard lead solution to which has been added a little sodium 
nitrate, corresponding to the amount present in the sample solution 
as the result of neutralizing the excess nitric acid. 


Notes. 

1. Since the color of the solutions is due to colloidally divided lead 
sulfide, care must be taken to prepare the sample and standard under 
as near identical conditions as possible; otherwise the tints will not be 
the same, owing to a difference in the degree of dispersion of lead sul- 
fide in each solution. Differences in electrolytes present have a marked 
influence on the color. Hence, the necessity of adding sodium nitrate 
to the standard in an amount corresponding to that in the final solu- 
tion of the sample. 

2. Color comparison should be made at once after the addition of 
the ammonium sulfide solution. '1 he latter should be added to sam- 
ple and standard at the same time. 

kffeki:nce.s 

1. M. Lucas, Bull. soc. chini. [-^1. 17, 1-SO (1897). 

2. Cf. ibid. [3], 16, 39 (1896) for Pb ostiniatcd as Pb.S. 
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The method is especially adapted to the estimation of sulfur in 
pig iron. The sulfur is evolved as hydrogen sulhde, the latter absorbed 
in an aqueous solution of sodium hydroxide, the solution diluted, and a 
portion of it acidified and treated with ^phenylenedimethyldiamme 


iW. G. Lindsay, Columbia University, School of Mines Quarterly, 23, 24; also in 
Chem. Zentr., 1902, i, 779; cf. F. D. Snell. Colorimetric Analysis, p. 135, D. Van Nostrand 


Co., New York, 1921. 
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hydrochloride and ferric chloride. The resulting blue color, due to 
methylene blue, is matched against a standard sodium sulfide solution 
similarly treated or against a standardized solution of methylene blue. 

Reagents. 

1. Hydrochloric acid, 6 N. 

2. Sulfuric acid, 6 N. 

3. Sodium hydroxide, 6 N. 

4. ^-Phenylenedimethyldiamine hydrochloride (unsymmetrical) , 2 
per cent. 

5 . Ferric chloride, 5 per cent. 

6. Standard sulfide solution. Dissolve 0.2434 gram of sodium 
sulfide, Na 2 S, in water, dilute to a liter, and mLx thoroughly. To 
prepare a series of standards, dilute 5 cc. of the sulfide solution to 
100 cc. The resulting solution contains 0.005 mg. of sulfur per cubic 
centimeter. Use from 1 to 25 cc. of this solution to prepare a series of 
varying sulfur concentrations. The diluted solution (0.005 mg. S per 
cubic centimeter) will also serve for the method of duplication. For 
the balancing or dilution method, treat 5 cc. of the first solution 
(0.2434 gram Na 2 S per liter) with double the amounts of reagents 
used with the sample, dilute to 500 cc. and thoroughly mix. This 
solution contains 0.001 mg. of sulfur per cubic centimeter. 

Procedure.— Two to 5 grams of the iron arc treated with 6 N 
hydrochloric acid and the evolved hydrogen sulfide absorbed in an 
aqueous solution of sodium hydroxide, air being drawn by suction 
through the reaction flask and the absorption bulb. The alkaline 
sodium sulfide solution thus formed is diluted to 100 cc., mixed, and 
10 cc. withdrawn as a sample. To the 10 cc. sample add 1.5 cc. of 
6 N sulfuric acid, dilute to 50 cc., and add 0.1 cc. of the j!>-phenylenedi- 
methyldiamine hydrochloride and 0.05 cc. of the ferric chloride solu- 
tion. Mix thoroughly and compare the color by any of the usual 
methods. 

Notes. 

1. The standards are not very stable, and hence should be freshly 
prepared as needed. 

2. />-Phenylenediamine, as well as various other diamines, may be 
used instead of the one above employed. 
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DETERMINATION OF SULFUR BY THE ACTION OF HYDROGEN 
SULFIDE ON ARSENIOUS OXIDE PAPER* 

The sulfur is liberated as hydrogen sulfide and the latter allowed 
to come in contact with arsenious oxide paper, thereby producing a 
yellow stain of arsenious sulfide. This stain is compared with a series 
of standard stains prepared along with the sample under similar con- 
ditions. Substances whose sulfur content is known arc used in pre- 
paring the standard stains.. Fresh stains must be made along with 
each sample or set of samples. 

Reagents. 

1. Hydrochloric acid, sp. gr. l.l. 

2. Benzine, sp. gr. 0.710. 

3. Arsenious oxide paper. Make up a solution of 10 grams of 
arsenious oxide in 30 cc. of hydrochloric acid and 970 cc. of water. 
Soak in this solution strips of a good grade of drafting paper, remove 
the excess of reagent, dry the paper and cut it into squares 10 cm. on a 
side. 

Procedure.— Place a weighed amount of the sample in a tall, 
round-rimmed beaker of suitable size; and in a scries of similar beakers 
place weighed quantities of a steel (or substance similar to the sample) 
whose sulfur content is known. Completely cover each beaker with a 
square of arsenious oxide paper. Place a piece of felt upon each paper 
and a weight on top of each piece of felt. Now carefully add to each 
beaker 10 cc. of benzine and 50 cc. of the dilute hydrochloric acid, 
taking care to see that the paper is tightly held to the top of the 
beaker after the addition of the reagents. The hydrogen sulfide thus 
liberated comes in contact with the arsenious oxide on the paper and 
produces a yellow stain. The stain produced by the sample is matched 
against a scries of standards simultaneously prepared along with the 
sample. 

DETERMINATION OF HYDROGEN SULFIDE BY FORMATION 
OF METHYLENE BLUE 

This method is based upon the action of ferric chloride and />- 
phenylenedimethyldiamine sulfate on an aqueous solution of hydrogen 
sulfide. Methylene blue is produced. It is especially adapted to the 

* G. Misson, Iron Age, 93, 125.3 (1914); </. F. D. Snell, Colorimetric Analysis, p. 136, 
I). Van Nostrand Co., New York, 1921. 
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estimation of hydrogen sulfide in natural waters and other solutions 
containing small quantities of hydrogen sulfide. 


1. Hydrochloric acid, sp. gr. 1.19. 

2. Ferric chloride reagent. The solution is 0.1 N in FeCh and 
6 N in HCl. 

3. />-phenylcncdimcthyldiamine sulfate. 

4. Standard hydrogen sulfide solution. Prepare a fresh solution of 
hydrogen sulfide as directed on page 240. Determine the hydrogen 
sulfide iodometrically. Measured volumes of this solution are then 
treated in the same way and along with the sample. 

Procedure. — If the water contains between 1 and 3 mg. of hydrogen 
sulfide per liter, a sample of 500 cc. is taken and to it are added the 
following: 10 cc. hydrochloric acid (sp. gr. 1.19), 0.025 gram of 
/^-phenylenedimethyldiamine sulfate, and 2.5 cc. of the ferric chloride 
reagent. If the water contains less than 1 mg. of hydrogen sulfide per 
liter, add the following to a 500 cc. sample: 10 cc. hydrochloric acid, 
(sp. gr. 1.19), 0.01 gram of />-phcnylcnedimethyldiaminc sulfate, and 1 
cc. of the ferric chloride reagent. Both the sample and standard 
having been treated similarly and simultaneously, they are allowed to 
stand several hours and the comparison of color then made by one of 
the usual methods. 

Notes. 

1. With solutions containing as little as 0.01 mg. of hydrogen sul- 
fide per liter, vary satisfactory results may be obtained.'^ 

2. Under the conditions given in the Procedure the intensity of the 
color developed is proportional to the amount of hydrogen sulfide 
present, and the color is stable for several weeks. Variations in the 
quantities, or order of addition of the reagents, alter the intensity of 
the color. The intensity of the color also varies with the temperature, 
being deeper the lower the temperature. Hence, the sample and 
standard must be treated under the same conditions and the directions 
of the Procedure followed as closely as possible. The temperature 
of the sample and standard should not differ by more than 2° C. 

* W. Mecklenburg and F. Rosenkranzer, Z. anorg. Chem., 86, 143 (1914), 
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TITANIUM 

DETERMINATION OF TITANIUM IN IRON AND STEEL 

Mp:th()d of M(:('abe‘ 

This method is based upon Weller’s hydrogen peroxide method. ^ 
In iron and steel analysis the color of the ferric sulfate in the sulfuric 
acid solution is usually much more intense than that of the titanium. 
The comparison color is therefore a blend of two colors, the titanium 
producing the subordinate one. If the same weight of iron is present 
in both standard and sample, it follows that at equal volumes the color 
due to iron will be identical in the two solutions. It is then only neces- 
sary to imitate the color of the sample solution by adding a measured 
quantity of a standard titanium solution to a solution of a non-titan- 
ium steel, adjusting both solutions to the same volume before the final 
comparison. 


Reagents. 


1. Sulfuric acid, 9 N. Add 1 volume of sulfuric acid, sp. gr. 1.84, 
to 3 volumes of water. 

2. Nitric acid, sp. gr. 1.2. 

3. Hydrochloric acid, sp. gr. 1.19. 

4. Ether, alcohol-free. 

5. Hydrogen peroxide, 3 per cent. Determine th« approximate 
strength of the peroxide by titration against a standard permanganate 
solution. This should be done every few weeks, otherwise serious 
error may arise due to deterioration of the peroxide. 

6. Standard titanium solution. Place about 100 grams of ferro- 
titanium in a dish and pour over it about 50 cc. of strong HCl. Heat, 


1 J. Ind. Eng. Chem., 5, 735 (1913); see Note, ibid., 5, 872; Chem. Eng., 13, 243 


1), McCabe’s original method 

Her., 16, 2593 (1882); see also Schdnn, Z. anal. Chem., 9, 41, 330 (1870), 
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and when the solvent action has progressed for a few moments add 5 cc. 
of nitric acid (sp. gr. 1.2). Continue heating until the acid is about 
half evaporated, dilute with 15 or 20 cc. water and filter through a 
large paper filter. Treat the ferro-titanium again with hydrochloric 
and nitric acids, dilute, and filter in this manner a dozen times or more 
until the desired quantity of ferro-titanium has been dissolved. Simul- 
taneously with the solution of the ferro-titanium the combined fil- 
trates are evaporated in a large beaker on a hot-plate. Evaporate 
until separation of titanic acid is observed. Pour into several sepa- 
ratory funnels, and add to each 50 cc. of ether. Make repeated other 
extractions of the iron until the titanic acid is free of iron as shown by 
the potassium sulfocyanate test. Combine the several acid solutions 
and place in a 400 cc. beaker. To the titanic acid emulsion add 150 cc. 
sulfuric acid (1 : 3). Heat and filter from the insoluble portion, which 
is usually slight. Dilute the filtrate to about 700 cc. in a liter beaker, 
add ammonia in excess, boil, and allow the precipitate to settle. 
Decant or siphon away the supernatant solution and wash the hy- 
drated titanic acid free of chlorides by decantation. 

Dissolve the titanic acid in 50 cc. of sulfuric acid (1:1) and dilute 
to a liter. Determine the strength of this stock solution by precipi- 
tation of 100 cc. with ammonia. Calculate the dilution required to 
yield a standard solution containing 0.0002 gram of titanium per 
cubic centimeter. Remove the requisite quantity of the stock solu- 
tion and dilute according to the calculation. Finally check the 
strength of the standard solution by precipitation of 100 cc. with 
ammonia. 

The following procedures arc according to McCabe. ^ 

Procedure A: When Titanium is above 0.02 Per Cent.— Put 2 
grams each of the titanium steel and a non-titanium steel into 300 cc. 
Erlenmeycr flasks. Pour into each flask 80 cc. of sulfuric acid (1:3) 
and heat on ^ hot-plate to complete solution. To each add 4 cc. of 
nitric acid (sp. gr. 1.2) and continue boiling until the solutions are free 
of fumes; cool. Transfer the solution of non-titanium steel to a com- 
paring tube, using as little wash water as possible. Pour the test 
sample into the companion tube and dilute to the same volume as the 
other. Now observe if the two solutions have colors of the same 
character and depth, as they should. If the test sample is cast iron, 
filter the solution into the tube, preferably using a small wad of 

^ Loc. cU. 
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absorbent cotton because of gelatinous silica. Match the color with 
that of the non-titanium steel solution. Owing to the fact that cast 
iron contains a much larger percentage of metalloids than steel, it is 
usually found that the volume of the iron solution is a trifle less than 
that of the non-titanium steel when the colors match. In this case 
discard sufficient of the non-titanium steel solution to make the vol- 
umes equal. 

Having obtained solutions showing the same color in equal volumes, 
introduce into each 2 cc. of 3 per cent hydrogen peroxide. Mix, and 
observe closely if the test solution shows any deepening of color. If 
titanium is present in as small an amount as 0.02 per cent, this deep- 
ening will be in evidence. It may even be detected with 0.01 per cent 
present, but in that case it is better to rely on the more refined method 
to be described. 

Titanium, if shown to be present in notable quantity, is determined 
by adding from a burette a sufficient amount of standard titanium 
solution to the solution of non-titanium steel to imitate the color of the 
test solution. If but 2 or 3 cc. are required, the amount used may be 
accepted as representing the amount in the test solution without fur- 
ther concern. But, if more is required, the equality of volume of the 
two solutions, so vital to accurate results, must be restored before final 
comparison. When colors match at equal volumes, the amount of 
standard titanium solution used indicates the amount of titanium in 
the test sample. 

Procedure B : When Titanium is below 0.02 Per Cent. — When the 
titanium content is less than 0.02 per cent and a high degree of accu- 
racy is desired, McCabe’s more refined method may be used. This 
requires the separation of the iron by careful extraction with ether. 

Weigh 2 grams of a non-titanium steel and the same quantity of 
the test sample. Place in dishes, add 50 cc. strong hydrochloric acid 
and heat to complete solution. Add to each 4 cc. nitric acid (sp. gr. 
1.2) to oxidize iron. Evaporate each solution to about 10 cc., cool the 
concentrated ferric chloride solutions, pour into separatory funnels, 
and wash with hydrochloric acid (2 parts strong acid ; 1 part water) 
until the volume amounts to 25 cc. Add to each 50 cc. alcohol-free 
ether, agitate thoroughly, and allow to stand for 5 minutes after the 
two solutions have separated. Draw oil the acid solution, avoiding 
the ether solution entirely even though a slight loss of acid solution 
may be necessary to do so. 
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Dilute each solution with 225 cc. hot water, add ammonia in slight 
excess, and boil. Allow the precipitates to settle and filter through 
11 cm. filter papers. Wash thoroughly with hot water to remove 
chlorides. 

Open the two filter papers into dishes, tearing off that portion of 
the filter paper which holds no precipitate. Pour over each 10 cc. of 
sulfuric acid (1 : 3). Rock the dishes until all the precipitate has dis- 
solved. Filter each into 30 cc. comparison tubes, using small funnels 
and 7 cm. filter papers. This filtration may be dispensed with, but 
it is best to remove paper fiber. Wash the dishes and pass the wash- 
ings through the filters. The total solution and washings in each 
instance should be equal in volume, between 15 and 18 cc. 

The solutions now have a slight maroon color, depending on the 
amount of iron present. Into each tube introduce 3 cc. of 3 per cent 
hydrogen peroxide and mix. The maroon color is discharged, leaving 
the solution practically colorless in the case of the non- titanium steel. 
But if the test solution contains the most minute quantity of titanium, 
its presence is revealed by a residual lemon-yellow color. Even 
though the amount present is so extremely small that the usual manner 
of comparison leaves the operator uncertain of its presence, a glance 
through the solution from the top, holding the tube about ^ inch above 
a white surface, instantly dispels all doubt. If there is as little as 

0.001 per cent titanium present, the contrast between the pale green 
of the non-titanium solution and the yellowish tinge of the test clearly 
indicates that fact. 

By adding the standard titanium solution to the solution of non- 
titanium steel the percentage of titanium is readily determined. 

Notes. 

1. When cast iron is to be analyzed, it should be screened through 
a 60-mesh sieve. In dissolving the sample, the insoluble residue 
retains a small amount of titanium. For ordinary technical purposes 
this may be disregarded, but if an accurate analysis is required, or if 
the titanium content is small, the insoluble is ignited in a platinum 
crucible; the silica volatilized with hydrofluoric acid and sulfuric acid 
(I : 1), the residue fused with 1 gram of sodium carbonate, dissolved in 
dilute sulfuric acid (in case of Procedure A) or in hydrochloric acid 
(in case of Procedure B), and added to the main solution. 

2. The purpose of the ether extraction in Procedure B is two-fold: 
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(1) to obtain the minimum quantity of iron in the acid solutions and 

(2) to have the iron content nearly the same in each solution. 

DETERMINATION OF TITANIUM BY THYMOL 

Thymol and titanium in concentrated acid solution give a reddish 
yellow to deep red coloration, the intensity of the color being propor- 
tional to the amount of titanium present. The method is applicable 
to smaller amounts of titanium than can l)e determined by the hydro- 
gen peroxide method. “ The intensity of the coloration produced by 
thymol in sulfuric acid solution with titanium is at least twenty-five 
limes as great as that produced in the hydrogen peroxide method.”'* 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Potassium bisulfate. Pure solid. 

3. Thymol reagent. Dissolve 5 grams of thymol in 5 cc. of dilute 
acetic acid, add 95 cc. of concentrated sulfuric acid and mLx. Do not 
expose to direct sunlight. 

4. Standard titanium solution. This solution may be prepared 
from pure titanium dioxide or from a standard ferro-titanium steel. 
Dissolve 0.1 gram of pure titanium dioxide (or an equivalent amount 
of ferro-titanium steel) in a little sulfuric acid and dilute to a liter with 
concentrated sulfuric acid. Thoroughly mix. One cubic centimeter 
of this solution contains 0.1 mg. of Ti02. A measured volume of 
this solution may be further diluted with concentrated sulfuric acid, 
if a weaker standard is needed. 

Procedure. — A sample containing 1 to 10 mg. Ti02 is accurately 
weighed out, dissolved directly in concentrated sulfuric acid, or, if 
necessary, fused with potassium acid sulfate for a half hour and the 
fused mass taken up in concentrated sulfuric acid. Transfer to a 
Nesslcr tube, add thymol reagent (at least 60 mg. of thymol to 1 mg. 
of Ti02) and dilute to the mark with concentrated sulfuric acid. Add 
the same relative quantity of thymol to a measured volume of the 
standard titanium solution. Match the color of the sample against 
that of the standard by the balancing method. Both solutions must 
be at room temperature. If desired, a series of standards containing 
various amounts of Ti02 rnay be prepared. If the dilution method is 

♦ V. Lenher and W. G. Crawford, Orig. Com. 8th Intern. Congr. Appl. Chem., 1 , 285 
(1912). Also in J. Am. Chem. Soc., 35, 138 (1913). 
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used, the dilution must be made with sulfuric acid of at least 80 per 
cent strength. 

Notes. 

1. “ The ratio of thymol to titanium can vary greatly, but it has 
been found best to have at least 0.006 gram of thymol present to every 
0.0001 gram of Ti 02 .”''^ 

2. The sulfuric acid concentration in both the sample solution and 
the standard must be at least 79.4 per cent (sp. gr. 1.725), otherwise the 
color obtained with thymol reagent will be paler than the normal 
intensity. (Lenhcr and Crawford.) 

3. All color comparisons must be made with solutions' at room tem- 
perature. Heating titanium solutions colored by thymol causes a 
fading in color, but the color returns to the original intensity upon 
cooling to 20^ C., provided the temperature did not reach 100° C. 
(Lenher and Crawford.) 

4. Hydrofluoric acid and fluorides bleach the color of titanium and 
thymol in concentrated sulfuric acid solution. Fortunately, from the 
preliminary treatment of the sample in order to bring it into con- 
centrated sulfuric acid solution, it is practically impossible for fluorides 
to be present. 

5. Chlorides, phosphates, and tin apparently have no effect on 
the thymol-titanium coloration. Tungstic acid, however, “ mark- 
edly affects the color in direct ratio to the amount of tungsten pres- 
ent.’’ (Lenher and Crawford.) 

6. Lenher and Crawford® obtained the following results (repre- 
sentative) with the thymol method: 

(a) Titanium Solutions compared in a Soleil-Duboscq Colorimeter. 


'I'iOi Present, 

TiOj Found, 

Milligram 

Milligram 

0.21 

0.20 

0.21 

0.19 

0.50 

0.50 

0.50 

0.52 


‘ Lenher and Crawford, loc. cit, 
* Loc. cit. 
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{b) Titanium Solutions compared in a Kennicott-Sargent Colorim- 
eter. 


1 Ti ()2 Present, 

TiOj Found. 

Milligrams 

Milligrams 

1.0 

0.9 

2.1 

2.0 

2..S 

2.,S 


(c) Four samples of bauxite previously analyzed and the titanium 
determined by Weller’s hydrogen peroxide method. 

“ Samples of 0.3 gram each were fused with potassium bisulfate for 
a half hour, after which the fusion was taken up in concentrated sul- 
furic acid,” thymol added, and the colors matched against a standard. 



1'hymol Method, 

Weller’s Method, 

Per Cent 'I'iOj 

Per Cent TiOi 

(1) 

. (2) 


5.7 

5,4 

1.95 

2.2 

2.1 

2.20 

2 15 

2 28 

2,97 

2 . 85 

i 

2.95 


7. Hall and Smith," and Lenher and Crawford® have found over 
fifty organic compounds which produce distinctive color reactions with 
titanium in concentrated sulfuric acid solution. Of these, thymol, 
phenol, hydroquinone, salicylic acid, and chromotropic acid are the 
most sensitive. The latter two indicate as little as p.Ol mg. Ti02, 
hydroquinone indicates 0.1 mg., and phenol 0.05 mg. However, for 
various reasons thymol produces the most satisfactory coloration for 
the determination of small amounts of titanium. 

^ R. D. Hall and E. F. Smith, Proc. Am. Phil, Soc., 44, 196 (1905). 

* Loc. cit. 
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DETERMINATION OF TITANIUM BY HYDROGEN PEROXIDE 
(SODIUM PEROXIDE FUSION) 

The use of the yellow color produced when hydrogen peroxide is 
added to a sulfuric acid solution of titanium as a colorimetric method 
for low percentages of titanitun was first proposed by Weller.® 

This method has been extensively used in the analysis of clays, 
silicate rocks, and steels. Moreover, since the color is so easily 
bleached by fluorides, the latter action has been adapted to the quan- 
titative estimation of fluorides. (See page 186.) 

Reagents. 

1. Sulfuric acid, sp. gr. 1.4. 

2. Phosphoric acid, .SO per cent. 

3. Sodium peroxide. 

4. Standard titanium solution. Fuse pure titanium dioxide 
with sodium peroxide, dissolve the fused mass in water, and add suf- 
ficient sulfuric acid for the solution to contain 5 per cent acid when 
diluted to the desired titanium concentration. If phosphoric acid is 
added to the solution of sample to repress the yellow color due to ferric 
iron, the same amount must be added to the standard. (See Note 1.) 

Procedure. — If the clay or ore contains between 1 and 5 per cent 
of Ti 02 , about 1 gram of the material is accurately weighed out, mixed 
thoroughly with 8 grams of sodium peroxide in an iron crucible, and 
heated until fusion is complete. The fused mass is then cooled, dis- 
solved in 200 cc. of water and, without filtering, 15 cc. of sulfuric acid 
(sp. gr. 1.4) and 6 cc. of phosphoric acid (50 per cent) arc added and 
the solution diluted to 250 cc. The color is then matched against a 
standard solution which contains the same amount of phosphoric acid 
as was added to the sample, i.c., 6 cc. of the 50 per cent acid per 250 cc. 
of solution. , 

Notes. 

1. Walton has shown that free phosphoric acid or phosphates 
diminish the depth of the yellow color of the titanium solution. Hence, 
the results will be low unless the same amount of phosphoric acid is 

» Ber., 16, 2593 (1882). See also Schonn, Z. anal. Chem., 9, 41, 330 (1870). 

Steiger, J. Am. Chem. Soc., 30, 219 (1908). 

“ J. Am. Chem. Soc., 29, 481 (1907), 



DETERMINATION OF TITANIUM BY HYDROGEN PEROXIDE 385 


added to standard as was added to the solution of the sample. With 
substances containing a large amount of iron, the quantity of phos- 
phoric acid should be increased. 

2. The fusion of clays, ores, and glazes with sodium peroxide is 
rapid and complete. The fusion may be made in iron, nickel, or silver 
crucibles. Porcelain crucibles must not be used, because they often 
contain a small amount of titanium. About 0.2 gram of iron is added 
to the sample when the fusion is carried out in an iron crucible due to 
the action of the sodium peroxide on Uie crucible. 

3. The presence of sodium peroxide from the fusit)n makes it 
unnecessary to add hydrogen peroxide, since the latter is fonned upon 
acidifying the solution of the melt. 

4. The yellow color of the peroxide solution of titanium fades 
upon standing. This is probably due to the ferric sulfate present. 
Walton observed ‘‘ that in the presence of ferric salts the yellow color 
of the titanium disappears much more rapidly than in titanium solu- 
tions which contain no iron.” 

5. Using the method given in the above Procedure, Wulton^^ 
obtained the following results with the several substances indicated. 


'J ABLE XXXVI 


Substances 

Analyzed 

Per Cent Fc 
Present 

Per ('ont 'I'i02 Ob- 
tained by Fusion with 
Acid Sulfate 

Per cent llOj Obtained by 
Fusion with NaaOj and Addition 
of IljPth to Both Solution and 
Standard 

Clay 

4.3 

1.13 

1.13 

Fireclay 

2.7 

1..30 

1.26 

Limestone 

Iron Ore 

1.2 

30.0 

0.22 

3.73 

0.23 

3.66 



« 


6. Fluorides or hydrofluoric acid present in very small amounts 
cause considerable error due to their bleaching action on peroxide- 
titanium solutions. Walton’^ observed an error of 6.7 per cent in the 
colorimeter reading with a solution containing 0.010 gram T 1 O 2 and 
0.00039 gram HF. When the HF was increased to 0.0039 gram the 
error was 32.4 per cent. 


Loc. cU, 
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METHYL ORANGE AS A PERMANENT STANDARD FOR THE DETER- 
MINATION OF TITANIUM BY THE PEROXIDE METHOD 

Gautier recommends the use of methyl orange for the prepara- 
tion of a standard comparison scale in the colorimetric determination 
of titanium by the hydrogen peroxide method. The solutions do not 
fade and are easily prepared. 

Dissolve 1 gram of methyl orange in 500 cc. Ten cubic centi- 
meters of this solution are diluted to 200 cc. Using small volumes of 
the diluted solution, a series is made in which the color intensity varies 
over the desired range. Standardize against a standard titanium solu- 
tion which has been oxidized by hydrogen peroxide. Keep solutions 
stoppered when not in use, to prevent evaporation. 

” Chimistc, 2, 2; Rev. gen. Cliim., M, 16 (1911). 
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TUNGSTEN AND VANADIUM 

determination of tungsten as the oxide in colloidal 

SUSPENSION 1 

The method is ])ascd upon the reduction of n2W04 by TiCl.j, 
giving a blue oxide of tungsten that remains in colloidal suspension 
under certain conditions. 


Reagents. 

* 1. Hydrochloric acid, 1 N and 6 N. 

2. Ammonium hydroxide, 6 N. 

3. Titanium chloride solution. (Should correspond to 2 mg. Fe 
per cubic centimeter.) 

4. Sodium sulfite, solid, anhydrous. 

5. Standard tungsten solution. Weigh out a sample of tungsten 
steel whose tungsten content is known, using a weight that contains 
approximately the amount of tungsten estimated to bc^in the sample. 
Then add a non-tungsten steel until the total weight is equal to the 
weight of sample taken. Dissolve the standard and treat by the same 
method as used for the sample. 

If the sample is a mineral, use a high-tungsten steel and omit 
adding a non-tungsten steel. 

Procedure.-A sample is taken such that the final comparison 
solution will not contain over 1 mg. of tungsten per cubic centunetcr. 
When the tungsten content is very high, an aliquot part of the sdution 
of the sample may be used. If the sample is a mineral, fuse it with 
sodium sulfite and take up the mass directly with aqua repa, thereby 
causing precipitation of most of the H2WO4 along with f iC 2 . ^ 

sample is an alloy, treat with aqua regia directly. The separation of 
tungsten is not quantitative, because of the presence of metatungstic 
acid. Treat the filtrate, which should contain iron (10 per tent is 

■A. Travers, Compt. rend., 1C6, 416 (1918); cj . ibid ., 165, 408 (1917). 
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sufficient), with ammonium hydroxide until it is just alkaline to litmus 
The ferric hydroxide thus precipitated entrains the tungstic acid 
Wash the precipitate free from sodium salts, dissolve it on the filter 
with 6 N hydrochloric acid, and add it to the major part of the H 2 W( ) , 
after the latter has been freed from Si02 by any of the usual methods 
and taken up in hydrochloric acid. Evaporate the combined solu- 
tions to a volume of about 2 cc., cool, dilute to 40 cc., add 5 cc. of the 
titanium chloride solution, dilute to 50 cc., mix, and compare at once 
with the standard by the method of dilution or balancing. 

Notes. 

1. In the case of both standard and sample, the final comparison 
solution should not contain over 1 mg. of tungsten per cubic centhneter, 
otherwise flocculation of the colloidal oxide becomes too rapid. 

2. The reaction is not applicable in the presence of vanadium, phos- 
phorus, or molybdenum, and hence these must be first removed. 

3. Up to 0.1 N hydrochloric acid in the final comparison solution 
causes no appreciable change in the color. Beyond this concentra- 
tion the color diminishes progressively, being completely elijiiinated 
in a solution 0.5 N in acidity. 

4. The comparisons should be made at once after adding the TiCl.j, 
diluting and mixing, although the colloidal suspension will usually 
remain stable 30 minutes or longer under the conditions of the pro- 
cedure. 


DETERMINATION OF VANADIUM IN IRON AND STEEL 

Mktiiod of McCabe 2 

The method is based upon the intense red-brown color obtained 
when hydrogen peroxide is added to an acid solution of vanadium in 
the pentavalelit state. Since the color obtained in iron and steel 
analysis is a blend of the color due to ferric iron and that due to the 
vandium, it is necessary to have the same weight of iron and the same 
volume of solution of both siimple and standard. This condition is 
conveniently accomplished by imitating the color of the sample solu- 
tion by adding a measured quantity of a standard vanadium solution 
to that of a non-vanadium steel, adjusting both solutions to the same 
volume before the final comparison. 

* J. Ind. Eng. Chem., 6, 736 (1913). 



DETERMINATION OF VANADIUM IN IRON AND STEEL 389 

Reagents. 

1. Sulfuric acid, 9 N. Add 1 volume of sulfuric acid, sp. gr. 1.84, 
to 3 volumes of water. 

2. Nitric acid, sp. gr. 1.42. 

3. Potassium permanganate. 

4. Potassium bichromate. 

5. Ammonium bisulfite. 

6. Hydrogen peroxide, 3 per cent. Determine the approximate 
strength of the peroxide by titration against a standard permanganate 
solution. 1 his should be done every few weeks, otherwise serious error 
may arise due to deterioration of the peroxide. 

7. Standard vanadium solution. The pure vanadium pentoxide 
required for making the standard solution can be obtained in the mar- 
ket, or it may be prepared in the laboratory from iron vanadate accord- 
ing to the method given by McCabe. 

Weigh out accurately about 0.2 gram of pure vanadium pentoxide, 
place it in a small beaker, add 30 cc. of nitric acid (sp. gr. 1.2) and warm 
until solution is complete. Dilute so that 1 cc. contains 0.2 mg. of 
vanadium, or an amount corresponding to O.Ol per cent when a 
2-gram sample is taken for analysis. 

The following procedures are from the work of McCabe.^ 

Procedure A: When Chromium is Absent.— Place 2 grams of the 
vanadium steel and the same quantity of a non-vanadium steel in 
300 cc. Erlcmneyer flasks. Add exactly 40 cc. nitric acid (sp. gr. 1.2) 
to each and heat until the steel is dissolved. To each add about 0.1 
gram potassium permanganate and digest for 4 minutes. Then add 
dilute ammonium bisulfite in sufficient quantity to clarify the solution, 
and continue heating until SO 2 is all expelled : by this operation carbon 
is oxidized. 

Cool the solutions in running water and transfer to comparing 
tubes. Bring to equal volumes if they arc not already so, and mix. 
Observe the colors, which should be of the same character and depth. 

Into each tube introduce exactly I cc. 3 per cent hydrogen peroxide. 
Mix the test solution, and observe the vanadium color to gain an 
approximate idea of the vanadium content of the test. 

To the solution of non- vanadium steel add, from a burette, as much 
of the standard vanadium solution as it is thought may be safely used 


* Loc. cU. 
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without passing the amount existing in the test solution. To the test 
solution add an equal amount of water. Mix the solutions and com- 
pare colors. If the test solution appears darker, as will be the case if 
the proper precaution has been observed, add a further quantity of 
standard vanadium solution to the non-vanadium steel solution. 
Add an equal quantity of water to the test solution to maintain the 
equality of volume. Mix, and again compare. Continue in this 
manner until the colors match at equal volumes. The amount of 
standard vanadium solution used indicates the result. Thus, if 20.5 
cc. standard vanadium solution are used, the result is 0.205 per cent 
vanadium. 

Procedure B ; When Chromium is Present. — Weigh 2 grams of the 
chrome-vanadium steel and an equal amount of a plain steel, placing 
in 400 cc. beakers. Weigh accurately an amount of potassium 
bichromate corresponding to the chromium content of the test steel 
* and place it in the beaker containing the plain steel. To each add 80 
cc. sulfuric acid (1:3), and heat. 

When nearly in solution, add to each 25 cc. of strong nitric acid and 
heat for 10 minutes. Vanadium is not completely oxidized by a small 
amount of nitric acid such as would oxidize the iron. 

Cool the two solutions in running water, introduce into comparing 
tubes, and bring to equal volumes. Mix, and observe the colors. 
Owing to possible error in the chromium determination, it is doubly 
important to know that the solutions show colors of the same charac- 
ter and depth at equal volumes before proceeding with the analysis. 

The determination is now finished as when chromium is absent. 

Notes. 

1. The above procedures are entirely satisfactory for the deter- 
mination of vanadium in most steels and iron, but when titanium or 
molybdenum are present, or when there is a small amount of vanadium 
present with a large amount of chromium, the more elaborate method 
of McCabe should be used. This method‘s requires more time, but 
has been found thoroughly reliable under adverse conditions. 

2. The rules governing all color methods arc of unusual impor- 
tance in the colorimetric determination of vanadium. The large 
sample necessary renders the iron color deep enough to influence the 
vanadium color very materially. The determination is further lim- 

♦Chem. Eng., 13 , 243 (1911); sec also the following method, page 391. 
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ited by the sensitive character of the vanadium color with hydrogen 
peroxide, it being affected by the acidity of the solution. With the 
strength of acids commonly used in analytical work, the acidity may 
be satisfactorily controlled by means of the ordinary volumetric 
apparatus. An excess of hydrogen peroxide partially bleaches the 
color after having produced it. Also, it is only when vanadium is in 
the pentavalcnt state that hydrogen peroxide imparts to its solution 
an immediate lasting color. 

3. It is very important to boil thoroughly the solution after using 
the ammonium bisulfite. This is necessary in order to restore the solu- 
tion to the fully oxidized condition. Any reduced vanadium imparts 
no color to the solution. 

McCABE’S METHOD FOR THE DETERMINATION OF VANADIUM IN IRON 

AND STEEL CONTAINING TUNGSTEN, CHROMIUM, TITANIUM, 

AND MOLYBDENUM « 

The principle is the same as that of the preceding method. 

Reagents. 

1. Nitric acid, sp. gr. 1.42. 

2. Hydrochloric acid, sp. gr. 1.19. 

3. Hydrofluoric acid, 48 per cent. Use the pure acid in ceresin 
bottles. 

4. Ammonium hydroxide, sp. gr. 0.90. 

5. Hydrogen peroxide, 3 per cent. 

6. Ether. Use alcohol-free ether. 

7. Potassium chlorate. 

8. Standard vanadium solution. Prepare a solution containing 
0.2 mg. of vanadium per cubic centimeter. Accurately weigh about 
half a gram of pure V 2 O 5 , dissolve it in a minimum amount of nitric 
acid, dilute to the desired concentration, and mix thoroughly. 

Procedure. — Accurately weigh out about a 2-gram sample. If 
tungsten is present, remove it in the usual manner but avoid using 
sulfuric acid. Evaporation to dryness in the tungsten determination 
reduces a portion of the vanadium. It is therefore necessary to reox- 
idize it during the evaporation of the filtrate preceding the ether sep- 

• Private communication from Mr. C. R. McCabe. 

® Private communication from Mr. C. R. McCabe; see also McCabe, Chem. Eng., 13, 
243 (1910. 
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aration of the bulk of the iron. To the filtrate add 5 cc. of cone, nitric 
acid and evaporate to about 10 cc. Pour into a separatory funnel, 
and wash the dish or beaker with hydrochloric acid (1 : 1), using a small 
quantity at a time until the volume of the solution amounts to 20 cc. 
as shown by a mark on the funnel. Add 50 cc. of alcohol-free ether, 
stopper tightly, and shake under the water-tap. Allow the funnel to 
stand in a rack until the two layers separate completely. Draw oh 
the lower layer (acid layer) and take about 1.5 cc. of the ethereal solu- 
tion containing the iron along with the acid solution. This yields 
about 0.1 gram of iron, together with the vanadium, chromiuin, and 
titanium if present. Molybdenum, if present, remains in the ethereal 
solution. 

Evaporate the acid solution nearly to dryness, add cone, nitric acid 
and evaporate again nearly to dryness, thus removing all chlorine. 
Add 20 cc. of cone, nitric acid, boil, add 2 grams of potassium chlorate 
and continue boiling a moment or two. The chromium and man- 
ganese are oxidized. Dilute to about 250 cc. and while boiling cau- 
tiously add aimnonia in excess. (See Note 3.) The precipitated iron 
occludes the vanadium, chromium passing into the solution. Any 
titanium present is with the ferric hydroxide precipitate. Filter on a 
9 cm. filter paper and wash with hot water. Open the paper in a dish, 
add 3 cc. of 1 : 1 hydrochloric acid and 5 cc. of water and warm until 
solution is complete. Avoid any more acid at this point. Filter the 
solution to remo\'e any paper liber and also the small amount of man- 
ganese which may separate at this point. This filtration is not of vital 
consequence. The volume of the solution is now 40 to 50 cc. Trans- 
fer the solution to a color comparison tube. The solution has the color 
of ferric chloride solution. Add 0.5 to 1 cc. of hydrofluoric acid and 
mix. The ferric chloride color is discharged, leaving the solution clear 
and colorless. (This would not be the case if much hydrochloric acid 
were present.) 

Add 1 cc. of 3 per cent hydrogen peroxide. The characteristic 
brown color is developed in the presence of the merest trace of vana- 
dium. Comparison of the color is made with the standard V2O5 solu- 
tion as described on page 389. 

Notes. 

1. Titanium comes through with the vanadium, but the hydro- 
fluoric acid prevents any color developing. The true vanadium color 
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is developed only in the absence of any interfering or obscuring colors. 
McCabe’s original paper directed the use of a non-vanadium steel to 
be carried along with the vanadium steel, the final solution being used 
with V2O5 as a standard. This is now considered unnecessary, as 
there are no interferences to be compensated. 

2. In making the color comparison, use only a dilute hydrochloric 
acid solution of the same concentration as that containing the vana- 
dium, and add the V2O5 solution until the colors match at equal volumes, 

3. The manganese tends to dissolve upon diluting and heating 
the solution after the potassium chlorate treatment. 

DETERMINATION OF VANADIUM BY STRYCHNINE 

When a solution of strychnine in concentrated sulfuric acid is added 
to a concentrated sulfuric acid solution of vanadium in the highest 
state of oxidation (VoOrj), a deep violet color is produced, which grad- 
ually changes to an intense orange. 'Fhe reaction is carried out in the 
cold (20° C.) and 10 minutes is required for the maximum intensity of 
the orange tint to develop. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Nitric acid, 6 N. 

3. Ammonium hydroxide, sp. gr. 0.90. 

4. Disodium hydrogen phosi)hate, I N. 

5. Potassium chlorate. 

6. Ammonium molybdate. 100 grams of molybdic acid (M 0 O 3 ) 
are stirred into 400 cc. of cold water, 80 cc. of ammonium hydroxide 
(sp. gr. 0.90) added, and the solution filtered. Pour the filtrate slowly, 
with constant stirring, into a nitric acid solution prepared by diluting 
400 cc. of nitric acid (sp. gr. 1.42) with 600 cc. of water. Add 0.05 
gram of microco.smic salt, allow the solution to stand ^4 hours, and 
filter. 

7. Strychnine reagent. Dissolve 4 grams of pure strychnine in a 
liter of sulfuric acid (sp. gr. 1.84). 

8. Standard vanadium solution. Dissolve 0.1785 gram of pure 
vanadium pentoxide in a small volume of concentrated sulfuric acid 
and then dilute to a liter with sulfuric acid (sp. gr. 1.84). Mix thor- 
oughly. One cubic centimeter of this solution contains 0,1 mg. of 
vanadium. 
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Procedure.— Dissolve the sample in 40 cc. of 6 N nitric acid and 
add 1 cc. of the sodium acid phosphate solution. Cool, and add, a 
little at a time, concentrated ammonium hydroxide until ferric hydrox- 
ide just begins to appear and then boil until it redissolves. Remove 
from the flame, add 30 cc. of ammonium molybdate solution, stir 
thoroughly, filter, and wash the precipitate with 2 per cent nitric 
solution until free from iron, and then wash it with water. Transfer 
the precipitate to a large beaker, add a few crystals of potassium 
chlorate, 20 cc. of sulfuric acid (sp. gr. 1.84), and evaporate until 
dense white fumes of sulfuric acid are given off and chlorine dioxide 
is no longer evolved.^ Cool to room temperature, transfer to a 
Nessler cylinder, the beaker being rinsed out with a little concentrated 
sulfuric acid, add 20 cc. of strychnine reagent, allow the solution to 
stand 10 minutes and compare with a standard by the method of 
dilution. 

The standard comparison solution is prepared along with the sample 
by taking a volume of the standard vanadium solution containing the 
amount of vanadium estimated to be in the sample and treating it 
with potassium chlorate and sulfuric acid as directed. The cooled 
solution is transferred to a Nessler cylinder of the same bore as the 
one containing the sample and 20 cc. of strychnine reagent added. 
After standing 10 minutes, the solutions are compared and the one 
having the more intense color is then diluted with concentrated 
sulfuric acid until the tints in the two tubes match when viewed against 
a semi-opaque white glass screen. 

Notes. 

1. For the best results the amounts of vanadium in sample and 
standard should be approximately the same. 

2. Nessler cylinders 12 ins. tall and J in. internal diameter are con- 
venient for comparison. With these, 0.5 mg. of vanadium gives a 
good comparison tint when diluted until the solution fills about one- 
half the volume of the cylinder. 

3. The vanadium must be separated from iron, since the latter 
interferes with the color comparison and, when present in a large 
amount, entirely prevents the formation of the color. 

4. “ The presence of large quantities of titanium, molybdenum, 
tungsten, or aluminum do not affect the test.’^ ® 

7 C/. A. W. Gregory, Chem. News, 100, 221 (1909). 

* A. W. Gregory, loc. cit. 
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5. The vanadium must be in the highest state of oxidation (V 2 O 5 ). 

6. Gregory^ tested the permanency of the color, using 1 mg. of 
vanadium, and could not detect any change after letting it stand 3 
hours and then comparing it with the same quantity of vanadium 
freshly treated. 

7. Comparison by duplication is not practicable since 10 minutes 
are required for the full intensity of the orange color to develop after 
the strychnine reagent is added. The large volume of solution required 
for the balancing method makes the latter unsatisfactory on account 
of expense. The color will in time fade, and hence a series of standards 
is not practicable. 

» Loc. ell. 
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ZINC 

DETERMINATION OF ZINC BY RESORCINOL 

The method is based upon the blue color imparted to an ammoni- 
acal zinc solution when a small quantity of an alcoholic or ethereal 
solution of resorcinol is added d 

Reagents. 

1. Nitric acid, 6 N. 

2. Ammonium hydroxide, 6 N. 

3. Resorcinol, 5 per cent solution in alcohol or ether. 

4. Standard zinc solution. Dissolve 0.1 gram of pure zinc in nitric 
acid and dilute to 1 liter. 

Procedure. — The sample taken for analysis should contain between 
0,005 and 3 mg. of zinc. It is dissolved (in acid if necessary) and 
ammonium hydroxide added until the precipitate formed redissolves. 
The solution is diluted to 100 cc,, and 2 cc. of the resorcinol solution 
added. The blue color thus produced is matched against a standard 
prepared in the same way and containing about the same quantity of 
zinc as the sample. The dilution method holds only over a very 
narrow range. The method of duplication may also be used but not 
the other methods. 

Notes. 

1. The reaction employed in the above analysis is sensitive to 1 
part in 100,000. Errors observed for concentrations of zinc between 
0.1 and 3.2 mg. per 100 cc. varied from 0.06 to 6.6 per cent. 

2. The character of the blue color of the solution is slightly altered 

* A. del Campo y Cerdan and J. dc la I’uente, Anales soc. espan. fis. quim., 98; 
Cerdan, Ann. chem. anal, appl., 14, 205. 
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on exposure to air. Unless the comparison is made at once, the solu- 
tions must be protected by a layer of some suitable oil. “ Nujol ” 
oil is excellent for this purpose. 

3. Hydrochloric acid solutions of zinc are colored red by resorcinol. 
They are not altered by air, but a special concentration curve must be 
constructed, using known amounts of zinc in the same way as the 
sample to be treated. See Chapter IV. 

4. In ammoniacal solution, calcium gives a green coloration with 
resorcinol, nickel a blue, and cobalt a red. Hence, it is necessary to 
remove these metals before testing for zinc. 

5. Zinc borosilicate glassware should not be used. Sec page 719. 

DETERMINATION OF ZINC BY THE POTASSIUM FERROCYANIDE 
METHOD (TURBIDIMETRIC METHOD) 

This method is based upon the turbidimetric method described by 
Breyer^ in which zinc is precipitated as a finely divided suspension by 
potassium ferrocyanicle solution. Mcldrum^ has applied it to the 
determination of zinc in water, and Birckner'* to the determination of 
zinc in various food products. Bodansky'* has modified the Breyer- 
Birckner method and used it in the esthnation of the zinc content of 
marine organisms. Solid calcium citrate is employed in the recovery 
of the colloidal zinc sulfide. His modified method is given here. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Nitric acid, sp. gr. 1,42. 

3. Hydrochloric acid, sp. gr. 1.19. 

4. Hydrochloric acid, 6 N. 

5. Citric acid, 50 per cent solution. 

6. Ammonium hydroxide, 6 N. • 

7. Hydrogen sulfide, thoroughly washed. See p. 240, 

8. Calcium carbonate. 

9. Ammonium thiocyanate, 2 per cent solution. 

10. Potassium ferrocyanide, 34.8 grams per liter. 

* See W. W. Scott, Standard Methods of Chemical Analysis, 4th cd., p. 607. D. Van 
Nostrand Co., New York, 1925. 

3 Chem. News, 116, 271, 295, 308 (1917). 

^J. Biol. Chem., 38, 191 (1918). 

6 J. Ind. Eng. Chem., 18, 696 (1921). 
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11. Standard zinc solution. Dissolve 1 gram of pure zinc (iron- 
and Jead-free) in dilute HCl, evaporate to a small volume, dilute, Hljcr 
make up to a liter, and thoroughly mix. From this a weaker standard 
is made, containing 0.1 mg. per cubic centimeter. The standard may 
also be made with recently ignited pure ZnCOs, or ZnC 204 . 

The standard solutions must be slightly acid. 

Procedure.— A weighed amount of the material containing between 
0.1 and 5 mg. is treated with concentrated H 2 SO 4 and concentrated 
HNO 3 to oxidize the organic matter, the acids evaporated off and the 
residue washed. The ash is repeatedly extracted with hot dilute HCl, 
the filtered extracts being collected in a casserole and evaporated to 
dryness. Dissolve the residue in 2 cc. of concentrated HCl and 50 cc. 
of water. Pass H 2 S through the solution until the copper is com- 
pletely precipitated as sulfide, filter, and wash the precipitate. Boil 
the filtrate until all the H 2 S has been expelled (test with lead acetate 
paper), cool, neutralize with ammonium hydroxide, and add 10 cc. of 
50 per cent citric acid solution. Heat to boiling. If no calcium citrate 
separates, add calcium carbonate, a little at a time, until about 1 gram 
of calcium citrate is formed. Hydrogen sulfide is then passed rapidly 
into the solution until the latter has cooled. Allow the solution to 
stand for several hours, part of the time on a water-bath, until the 
supernatant liquid is clear. Collect the precipitate on a filter, wash 
with 2 per cent ammonium thiocyanate, and dissolve the residue on 
the filter paper with hot dilute HCl, allowing the filtrate to run into 
the flask in which the precipitation was made. If the solution is red- 
dish in color due to ferric thiocyanate, the zinc is reprecipitated. A 
turbidity due to colloidal sulfur may be removed by boiling and fil- 
tering off the coagulated sulfur. If clear and colorless, the liquid is 
ready for making the lurbidimetric comparison. The liquid, or an 
aliquot part, is put into a 50 cc. Nessler cylinder and diluted to 45 cc. 
with water. ^ At the same time a series of Nessler cylinders is pre- 
pared, containing varying quantities of zinc, 3 cc. of concentrated HCl 
and diluted to 45 cc. with water. Five cubic centimeters of potassium 
ferrocyanide solution are then added to each cylinder. The solutions 
are quickly mixed and the turbidities compared at once by viewing 
the cylinders longitudinally when they are held over a sheet of dead 
black paper or a board painted dead black. Standard zinc solution 
may be added from a burette to the cylinder which almost matches 
the unknown, until finally the two turbidities are identical. 
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Notes 

1. According to Birckncr {loc. cit.), who used the potassium ferro- 
cyanide method for the determination of zinc in various food products, 
the results are accurate to iO.05 mg., if the procedure is properly 
carried out. Meldrum {loc. cit.) found the method accurate in water 
analysis to 1 part of zinc in a million parts of water. 

2. Iron must be removed before the addition of potassium ferro- 
cyanide, since ferrous salts would form potassium ferri-ferrocyanide 
which imparts a blue color to the solution. 

3. A better recovery of the zinc sulfide is obtained when the cal- 
cium citrate is formed in the solution than when it is added pre-formed. 
It is thought that the calcium citrate adsorbs the colloidal zinc sulfide 
particles and hence effects a better recovery. This is in line with Ban- 
croft’s observation:® “ There is some evidence to show that when a 
colloidal solution is precipitated the finer particles attach themselves 
to the coarser ones.” 

4. The following data taken from the results of Bodansky {loc. cit.; 
illustrate the degree of accuracy of the method when solid calcium 
citrate is used in the recovery of the finely divided zinc sulfide: 


TABLE XXXVII 


Zn Present, 

Zn Found, ^ . 

Zn Present, 

Zn Found, 

Milligram 

Milligranr 

Milligrams 

Milligrams 

0.10 

0.11 

0.50 

0.48 

0.20 

O.IS 

1.00 

0.99 

0.30 

0.28 

2.50 

2.40 

0.40 

0.39 

10.00 

10.40 


This method is excellent for the estimation of less than 5 mg. of 
zinc; and even with larger amounts, 10 to 20 mg., it tompares favor- 
ably with other standard methods. 

5. The zinc ferrocyanide should give to the solution a pure milky 
white opalescence. Unless the greatest precaution is taken to remove 
all iron, the zinc ferrocyanide appears a very faint bluish white due to 
the minute trace of iron which forms ferri-ferrocyanide. (oee Note 2.) 

6. Zinc borosilicate glassware should not be used. See page 719. 

« J. Ind. Eng. Chem., 13, 153 (1921); cf. Burton, The Physical Properties of CoUoidal 
Solutions, 2d cd., p. 173. Longmans, Green and Co., London, 1921. 
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Organic 
CHAPTER XXXVI 

ACETALDEHYDE, ACETYLENE, AND ACROLEIN 
DETERMINATION OF ACETALDEHYDE BY FUCHSINE-SULFUROUS ACID 

Reagents. 

1. Aldehyde-free alcohol Commercial 95 per cent alcohol is 
first treated with silver oxide as described by Dunlap^ and the dis- 
tillate then treated with meta-phcnylenediaminc hydrochloride accord- 
ing to Woodman and Lyford.^ The combined method is given on 
page 412 under the Determination of Benzaldehyde. 

2. Fuchsine-sulfurous acid. Dissolve 0.5 gram of pure fuchsine 
in 500 cc. of water, add 5 grams of sulfur dioxide dissolved in 100 to 
200 cc. water, dilute to a liter, and allow to stand until the solution is 
colorless. Prepare only a small quantity of this reagent at a time 
since it loses its strength in a few days. 

3. Standard acetaldehyde solution. Prepare according to Vasey.^ 
Aldehyde ammonia is ground in a mortar with ether, the ether decanted 
and the operation repeated several times. The purified substance is 
dried in a current of air and then in a vacuum over concentrated sul- 
furic acid. Dissolve 1.387 grams of the purified aldehyde ammonia in 
50 cc. of 95 per cent (by volume) alcohol, add 22.7. cc. of normal 
alcoholic sulfuric acid, dilute to 100 cc. and then add 0.8 cc. more 
water to compensate for the volume occupied by the ammonium sulfate 
precipitate. Let the mixture stand overnight and filter through a 
dry filter. This solution contains 1 gram of acetaldehyde per 100 cc. 
and will not lose its strength. 

1 J. Am. Chem. Soc., 28, 395 (1906). 

’/Wrf.,30, 1607 (1908). 

’Analysis of Potable Spirits, p. 30. 


401 



402 


ACETALDEHYDE, ACETYLENE, AND ACROLEIN 


A convenient standard is prepared by diluting 2 cc. of the strong 
solution to 100 cc. with 50 per cent (by volume) alcohol. One cubic 
centimeter of the dilute solution contains 0.2 mg. of acetaldehyde. 
This solution loses strength fairly rapidly and should be made up fresh 
every day or two. 

Procedure. — Five or 10 cc. of the sample solution, which should 
contain 0.5 to 1.5 mg. of acetaldehyde, are placed in a colorimeter tube, 
diluted to 50 cc. with 50 per cent (by volume) alcohol (aldehyde-free), 
the tube placed in a water-bath at 15° and allowed to reach the temper- 
ature of the bath. Twenty-five cubic centimeters of the fuchsine- 
sulfurous acid solution (also at 15°) are added and the two solutions 
thoroughly mixed and allowed to stand in the bath for 15 minutes. 
The solution is then quickly matched in a colorimeter against a 
standard acetaldehyde solution similarly treated, care being taken 
that both sample and standard are at the same temperature. The 
room temperature should not be much above 15°. 

The intensity of color developed by acetaldehyde under the 
above conditions is not in direct proportion to the amount of aldehyde 
present. “ A standard containing 0.001 gram develops about three 
times as much color as a standard 0.0005 gram and about one-half the 
color of a standard containing 0.0015 gram.”** This makes it neces- 
sary to prepare a number of curves and from these to prepare a table. 

Using a Schreiner^ colorimeter, Tolman® has prepared such a 
table and gives directions for using it. 

DETERMINATION OF ACETYLENE BY AMMONIACAL 
CUPROUS CHLORIDE 

Method of Weaver^ 

This method is based upon the formation of a red colloidal solution 
of copper carbide when acetylene is conducted into an ammoniacal 
solution of cuprous chloride containing gelatin and alcohol. The 
gelatin is added as a protective colloid to retard precipitation of the 
colloidal copper carbide with a resultant change in color. The sample 
sol is matched in color against a standardized red dye solution or a cal- 

*L. M. Tolman, J. Am. Chem. Soc., 28, 1624 (1906). 

» J. Am. Chem. Soc., 27, 1192 (1905). 

* Loc. cit, 

’ U. S. Bureau of Standards, Sci. Papers No. 267 (1916). 
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ibrated piece of ruby glass. Colloidal solutions of copper carbide are 
not sufficiently stable to be conveniently used as standards. 

Reagents. 

1. Ammonium hydroxide, sp. gr. 0.90. 

2. Cuprous chloride. 

3. Hydroxylaminc hydrochloride. 

4. Gelatin. 

5. Alcohol, 95 per cent. 

6. Standard color solution. Dissolve 0.21 mg. of chromanilbraun 
R, 0.04 mg. of carmoisine B, and 2.5 grams of gum arabic in 100 cc. of 
water. 

Procedure.— Dissolve 0.25 gram of gelatin in hot water, dilute to 
500 cc., and add 500 cc. of 95 per cent alcohol and 1.25 grams of hydrox- 
ylamine hydrochloride. To 20 cc. of this solution add 10 cc. of con- 
centrated ammonium hydroxide and a small amount (0.01 to 0.02 
gram) of cuprous chloride. After the absorption of the acetylene the 
solution is diluted to 100 cc. and compared in a colorimeter with the 
standard which has been chosen. The standard used by Weaver in his 
experimental work was a solution containing chromanilbraun R, 
carmoisine B, and gum arabic. A more convenient, though less accu- 
rate, standard is a fixed depth of a solution of azolitmin. If 10 cm. of a 
solution of azolitmin containing 1 part of the dye to 2500 parts of 
water is used as standard, the amount of acetylene in 100 cc. of col- 
loidal solution may be calculated from the equation = 0.13y + 0.03, 
where a: = number of milligrams of acetylene and y = 10 ^ number 
of centimeters of colloidal solution required to match the standard. 

Weaver* used a colorimeter similar to the one described by Camp- 
bell and Hurley. 

Notes. 

1 The method is very sensitive. Amounts of acetylene as small 
as 0.03 mg. may be detected, and amounts up to 2 mg. may be deter- 
mined with an accuracy of better than 0.05 mg. 

2 Hydrogen sulfide and large amounts of oxygen and carbon 
dioxide interfere with the test, but all of these may be removed, 
without loss of acetylene, by passing the gas to be tested through a 
hot alkaline solution of pyrogallol. 

• J. Am. Chem. Soc., 33, 1112 (1911). 
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3. The following statements are by Weaver,® who made a careful 
investigation of the effects of all variables in the above colorimetric 
method : 

(a) Size of Tip and Rale of Gas Flow . — When the gas is intro- 
duced into the absorption solution through a tube with a fine tip about 
0.2 mm. in diameter, curved so that bubbles escaping from the tip 
pass through the solution without coming in contact with the glass 
after leaving the tip, the indications are that the absorption of acety- 
lene from the very fine bubbles is complete. The results are inde- 
pendent of the rate of gas flow at rates of 5 to 50 cc. per minute. Even 
at a rate of 100 cc. per minute, the loss amounts to only about 10 per 
cent. 

(b) Composition of Absorbing Solution . — Tests were made to deter- 
mine the influence of the following constituents in the solution used for 
absorption; cupric chloride, ammonium chloride, hydroxylamine 
hydrochloride, cuprous chloride, ammonia, gelatin, alcohol, and 
acetone. 

In the following discussion of results the amount of each of the 
various constituents mentioned as present in the solution is always 
the amount contained in 30 cc. 

Cupric Chloride. — It was found that the presence of even quite large 
amounts of cupric chloride in the absorbing solution is without appre- 
ciable effect, provided a sufficient amount of the cuprous salt is also 
present during the absorption and enough hydroxylamine is added 
before the colorimetric comparison to reduce all cupric salts. Cupric 
chloride may be added to a colloidal solution already prepared and left 
for several hours without affecting the colloid, as shown by colorimetric 
tests after reducing the cupric salts with hydroxylamine. If the 
solution is exposed to the air the colloid is unaffected until the cuprous 
salts in solution are oxidized; then the colloid quickly disappears 
with the formation of a flocculent black precipitate. 

Ammonium Chloride. — The presence of ammonium chloride, or, 
indeed, any strong electrolyte, causes irregular and generally low 
results. Ten milligrams of the salt in 30 cc. of absorbing solution 
produce a tendency toward low results. Twenty milligrams cause 
results averaging 40 per cent low, and more than that amount cause 
precipitation. The presence of ammonium chloride in the absorbing 
solution is the most serious single source of error in the colorimetric 


• Loc. cit . 
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detemaination of acetylene. After its effect was discovered, solutions 
showing the characteristic brownish and slightly turbid appearance 
caused by the presence of much of the salt were discarded. 

Hydroxylamine Hydrochloride. — ^'Fhe presence of a small amount 
of hydroxylamine hydrochloride in excess of that required to decolorize 
the absorbing solution is without appreciable effect, but a large excess 
has the same effect as a small amount of ammonium chloride, c.g., 
100 mg. of hydroxylamine hydrochloride caused the average results 
to be about 10 per cent low. 

Cuprous Chloride. — Only a very small amount of cuprous chloride 
is required to give complete absorption of the acetylene, and the 
amount present may be varied over a wide range without affecting the 
results. Solutions containing from 9 to 360 mg. gave identical results. 
Solutions containing 6 mg. gave results about 30 per cent low, although 
the amount of acetylene was much less than equivalent to the amount 
of copper, while solutions containing only 3 mg. of cuprous chloride 
gave no color at all. 

Ammonia.— The amount of ammonia in solution must be regulated 
rather carefully. About 10 cc. of concentrated ammonium hydroxide 
(sp. gr. 0.90) per 30 cc. of solution gives the best results. Irregular 
results are caused by any considerable change in the concentration in 
either direction. The use of only 5 cc. caused results 40 per cent low, 
while the use of 2.5 cc. gave results 60 per cent low. More than 10 cc. 
of strong ammonium hydroxide is likely to produce a cloudy appear- 
ance caused by coagulation of the gelatin; 20 cc. always causes the 
formation of a large amount of precipitate, sometimes enough to leave 
the solution practically colorless. 

Gelatin.— The amount of gelatin may be varied from 2 to 6 mg. per 
30 cc. provided coagulation does not take place. The amount should 
be kept small to prevent coagulation. Less than 1 and more than 10 
mg. is almost certain to cause precipitation. 

Alcohol. — The presence of a large amount of alcohol favors uniform 
results, but alcohol causes gelatin to coagulate and the amount which 
can be used is limited by this fact. About 10 cc. of 95 per cent alcohol 
per 30 cc. of solution gave the most favorable results. When only 
5 cc. is used the results are about 30 per cent low. Less than 5 cc. 
causes precipitation. Too great a variation of the alcohol concen- 
tration in cither direction causes precipitation. 

Acetone.— The effect of substituting acetone for a part or all of the 
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alcohol was tried. In general, the color of the resulting colloid was 
changed and comparisons with the standard were difficult. Acetone 
also coagulates gelatin more readily than alcohol. 

(c) Temperature . — few experiments on the effect of tempera- 
ture were carried out. The results show that the temperature changes 
in the ordinary laboratory do not affect the result appreciably. 
There is a tendency for the results to be low at temperatures above 
35° C. Results at 45° to 50° are 10 to 15 per cent low. 

{d) Dilution of Solution after Absorption.— A large number of 
experiments have shown that, within the limit of accuracy of the color- 
imeter readings, it is inunaterial how much the colloidal solution is 
diluted before the readings are taken, provided the volume of solution 
is taken into account in calculating the amount of acetylene. For 
example, if a sample of acetylene is absorbed in 30 cc. of solution and 
the resulting liquid successively diluted with water to 60, 90, and 120 
cc. and comparisons with the same color standard are made at each 
dilution, it will be found that the depths of colloidal solution required 
to match the standard are in the ratios 1 : 2 : 3 : 4. 

4. A solution of acetylene in ether is a convenient and suitable 
source of acetylene. A unifonn flow of gas may thus be easily obtained. 

5. The constituents nonnally present in illuminating gas do not 
interfere with the colorimetric determination of acetylene. 

6. The method can be used to determine acetylene in air. The 
acetylene-air mixture is passed through a strongly alkaline solution 
of pyrogallol and thence into the absorption solution. The pyrogaflol 
solution is finally heated to boiling to drive out any acetylene present. 

7. Potassium or sodium hydroxide may be used if necessary to 
remove hydrogen sulfide, carbon dioxide, or similar interfering gases. 
Small amounts of carbon dioxide do not interfere but large amounts 
have the same effect as the introduction of a little ammonium chloride. 

REFERENCES 

1. Berthelot, Compt. rend., 54, 1070 (1862). .Seems to have been the first to use an 

ammoniacal solution of a cuprous salt to detect acetylene. 

2, Ilosvay, Ber., 32, 2697 (1899), Prepared cuprous salts by reduction of cupric salts with 

hydroxylamine. 

.L KUspert, Z. anorg. Chem., 34, 453 (1903). Observed that cuprous chloride gives a 
red colloid when added to an aqueous solution of acetylene. 

4, Schulze, Z. angew. Chem., 29, 1, 341 (1916), Uses ammoniacal cuprous chloride solu- 
tion. Apparently not aware of Weaver’s (loc, cit.) work. 
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DETERMINATION OF ACROLEIN BY FUCHSINE-SULFUROUS ACID 

The acrolein is determined by the same procedure used for the 
estimation of benzaldehyde by Schiff’s reagent. The same precau- 
tions are taken as are required in the benzaldehyde test. (See p. 412.) 

Moureu and Boismenu'® recommended constructing a graph from 
known quantities of acrolein as abscissas and intensities of color as 
ordinates. The concentration of acrolein in the sample may then be 
read off the graph after the color intensity has been determined. In 
diluting a solution of acrolein, the coloring power of SchiH’s reagent 
diminishes faster than the concentration. 

The use of stabilizers for acrolein, such as pyrogallol, pyrocatechol, 
hydroquinol, gallic acid, and tannin, does not interfere with the 
determination. 

J. pharm. chim., 27, 49, 89 (1923). 
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ADRENALINE 

DETERMINATION OF ADRENALINE 

When solutions of adrenaline (epinephrine or suprarenine), 
CoH 3 (OH) 2 -CH(OH)-CH 2 *NH-CH 3 , are oxidized by heating with 
potassium iodate a reddish color develops which varies in intensity with 
the concentration of the adrenaline. The method is especially adapted 
to the estimation of adrenaline in glands. If the procedure is carried 
out on solutions of known acidity and with an allowance, if necessary, 
for the presence of bisulfite, the results will be found sufficiently 
reliable. 

Reagents. 

1. Hydrochloric acid, 1 N. 

2. Potassium iodate, 1 per cent. 

3. Sodium bisulfite. 

4. Standard adrenaline solution. Prepare freshly as needed. 
Place 0.050 gram of pure adrenaline in a 50 cc. volumetric flask, dis- 
solve it in 0.5 cc. of N hydrochloric acid, dilute to the mark with water, 
and thoroughly mix. If the sample to be compared contains bisulfite, 
then 0.050 gram of sodium bisulfite should be added to the above 
standard solution before diluting to the mark. 

Adrenaline in Solutions 

Procedure. — Place 20 cc. of distilled water in a small flask (50 cc.) , 
add 5 cc. of a 1 per cent solution of potassium iodate and 0.25 cc. of 
N hydrochloric acid, and warm to 38° C. Then add 0.5 cc. of standard 
adrenaline solution, and continue heating for 15 minutes. At the same 
time prepare an acid solution of the iodate in the same way, warm to 
38° C., and add 0.5 cc. of the sample solution (approx, conen. 1 : 1000), 
or an equivalent amount of a weaker solution. After the standard 
and sample solutions have been warmed for IS minutes at about 38° 
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C., they are cooled to room temperature and compared in a colorimeter 
or Nessler cylinders. 

Adrenaline in Dried Glands 

Procedure— Digest 0.100 gram of the dried glands for about 30 
minutes at 38° C. in 20 cc. of distilled water to which have been added 
5 cc. of a 1 per cent potassium iodate solution and 0.25 cc. of N hydro- 
chloric acid. Filter, cool, and match the solution against a standard 
solution prepared in a similar way at the same time. The standard 
adrenaline solution should not contain any bisulfite. 

Notes. 

1. If the sample solution is within 20 or 25 per cent of the standard, 
comparison is easily made; otherwise, it is better to repeat the analysis, 
using solutions of sample and standard approximately of the same 
concentration. 

2. It has been shown that “ the greatest intensity of color is reached 
in about 10 minutes at 38° C., and further heating at this tempera- 
ture for an hour makes no appreciable difference. The presence of 
sodium bisulfite in the solution diminishes the color in proportion to the 
amount of bisulfite present. When the adrenaline solution (1 : 1000) 
contained a like amount of sodium bisulfite (0.1 per cent) the color 
was reduced 10 per cent.” ^ 

3. In attempting to match the color (produced in acid solution) 
with a mineral acid, Scoville found that an ammoniacal solution of 
cobaltous chloride matches closely within certain limits. 

‘‘ A solution made by dissolving 0.25 gram of cobaltous chloride 
(C 0 CI 2 -61120) in 10 cc. of water, adding a solution of 2 grams of 
ammonium carbonate (U. S. P. in translucent crystals) in 80 cc. of 
water, and making the solution up to 100 cc., matches *the adrenaline 
color very closely in depths of 25 to 35 mm. (in a Duboscq colorimeter) 
but shades more to the red in deeper columns and to the blue in shal- 
lower. The ammoniacal cobalt chloride solution therefore differs 
enough in color to limit its usefulness, but can be used to verify the 
claim for a 1 : 1000 solution of adrenaline, provided the test be applied 
with proper precautions.” ^ 

* W. L. Scoville, J. Ind. Eng. Chera., 12, 770 (1920). 

* W. L. ScoviUe, J. Ind. Eng. Chem., 12, 771 (1920). 
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ANILINE 

DETERMINATION OF ANILINE VAPOR 

When a dilute solution of aniline is mixed with calcium hypo- 
chlorite solution and then made alkaline with caustic, a yellow color 
develops, whose intensity is proportional to the aniline present. 

Reagents. 

1. Sodium hydroxide, 1 N. 

2. Calcium hypochlorite. Prepare a stock solution containing 
about 3 per cent of available chlorine by shaking for 10 minutes 20 
grams of good commercial chloride of lime with 100 cc. of water and 
then filtering. A portion of this solution is diluted, as needed, to an 
available chlorine content of O.l per cent. 

3. Standard aniline solution. Dissolve 1 gram of pure aniline 
in water, dilute to a liter, and mix thoroughly. One cubic centimeter 
of this solution contains 1 mg. of aniline. 

Procedure.— The aniline vapor is collected by bubbling a measured 
volume of the air-aniline mixture through an absorption bulb contain- 
ing water. A preliminary test is made to determine the approximate 
amount of aniline present and the solution then diluted with water to a 
concentration of 0.01 mg, to 0.1 mg. of aniline per 20 cc. One cubic 
centimeter of calcium hypochlorite (containing 0.1 per cent available 
chlorine) is then mixed with 20 cc. of the diluted solution. After stand- 
ing 2 minutes, add 1 cc. of 1 N sodium hydroxide solution, allow to 
stand 10 minutes, and match the color against a series of standards 
similarly prepared from known amounts of the standard aniline solu- 
tion. A suitable series may be made with 0, 0.01, 0.02, 0.03, 0.04, 
0.05, 0.06, 0.07, 0.08, 0.09, 0.10 mg. of aniline, respectively, in a volume 
of 20 cc. each, exclusive of reagents. The mixing of the unknown 
solution and the standards with the reagents should be made as nearly 
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simultaneously as possible. Fifty cubic centimeter-Nessler cylinders 
are convenient. 


Notes. 

1. It is important to mix the solutions in the order and manner 
directed in the Procedure. 

2. The addition of alkali sensitizes the reaction between aniline 
and hypochlorite so that as little as 0.01 mg. of aniline in 20 cc. of 
solution (1 part in 2,000,000) can easily be detected.^ 

3. A much stronger (ten times) solution of aniline than 0.01 to 0.1 
mg. per 20 cc. may be used, provided a set of standards with corre- 
spondingly higher aniline concentrations is employed. In the latter 
case the tubes should be allowed to stand a little longer than 10 min- 
utes before comparing the colors. 

1 E. Elvove, J. Ind. Eng. Chem., 9, 953 (1917). 



CHAPTER XXXIX 


BENZALDEHYDE AND CITRAL 
DETERMINATION OF BENZALDEHYDE BY FUCHSINE-SULFUROUS ACID 

This method is based upon the reaction of benzaldehyde with 
fuchsine-sulfurous acid, a pink color being formed, the intensity of 
which is proportional to the amount of benzaldehyde present. The 
method was developed for the estimation of benzaldehyde in almond 
extracts. With a properly prepared fuchsine-sulfurous acid solution, 
a distinct change in color is obtained when 0.05 mg. of benzaldehyde is 
present in a volume of 50 cc. ^ 

Reagents. 

1. Fuchsine-sulfurous acid. Dissolve 0.5 gram of pure fuchsine in 
100 cc. of water and add a freshly prepared solution of sulfurous acid 
containing 20 grams of sulfur dioxide. As soon as the solution is 
decolorized, dilute to a liter with water. It is convenient to place the 
fuchsine solution on a scale pan and then pass in a current of sulfur 
dioxide until the weight has increased by 20 grams. 

2. Aldehyde-free alcohol. Commercial 95 per cent alcohol is 
first treated with silver oxide as described by Dunlap, ^ and the 
distillate then treated with meta-phenylenediamine hydrochloride 
according to Woodman and Lyford. The procedure is as follows: 
“Dissolve 1.5 grams of silver nitrate in about 3 cc. of water and 
add it to a liter of 95 per cent alcohol in a glass-stoppered cylinder, 
then mix thoroughly. Dissolve 3 grams of potassium hydroxide 
[purified by alcohol] in 10 to 15 cc. of warm alcohol and, after cooling, 
pour it slowly into the alcoholic silver nitrate solution, but do not 
shake. The silver oxide is precipitated in a very finely divided condi- 
tion and slowly distributes itself throughout the contents of the cyl- 

^A. G. Woodman and E. F. Lyford, J. Am. Chem. Soc., 30, 1607 (1908). 

» J. Am. Chem. Soc., 28, 395 (1906). 


412 



DETERMINATION OF BENZALDEIIYDE 


413 


inder. Let stand quietly overnight or until the precipitated silver 
oxide has completely settled. Either siphon off the clear supernatant 
liquid from the sediment or filter, and then distil” (Dunlap). “ To 
the distillate is added 25 grams of meta-phenylenediaminc hydro- 
chloride per liter and a fairly rapid current of air drawn through the 
solution for three hours. The alcohol is then distilled, the first 100 cc. 
being rejected. The remainder of the distillate should give absolutely 
no color when tested for aldehyde in the manner described under the 
estimation of benzaldehyde. It will remain suitable for use for sev- 
eral weeks at least, if kept cold and in the dark, preferably in an ice- 
chest.” (Woodman and Lyford.) 

3. Standard benzaldehyde solution. Make a solution of freshly 
distilled benzaldehyde in aldehyde-free alcohol so that each cubic 
centimeter contains 1 mg. of benzaldehyde. This dilute solution keeps 
well. 

Procedure. — Two cubic centimeters of the sample (which should 
contain 5 to 10 mg. of benzaldehyde) are placed in a colorimeter tube 
and made up to 20 cc. with aldehyde-free alcohol. Several standard 
solutions are made up containing 2, 4, 6, etc., mg. of benzaldehyde 
and placed in similar colorimeter tubes. All tubes are then placed 
in a water-bath at 15° C. and allowed to stand until the solutions reach 
the temperature of the bath. Have ready Schiff’s reagent, also at 15°, 
and add 20 cc. of it to each tube as rapidly as possible, thoroughly mix, 
allow the tubes to stand 10 minutes in the bath, and match the sample 
tube against a standard. The matching must be made as quickly as 
possible, since the color rapidly deepens if the temperature rises much 
above 15°. 

Notes. 

1. Pure fuchsine must be used in order to obtain a colorless solu- 
tion. The solution can be relied upon for about 10 days. The 
sulfuric acid formed by the oxidation of the sulfur dioxide decreases 
the sensitiveness of the solution, so that by the end of 10 days a fresh 
solution should be prepared. 

2. Within reasonable limits the color is approximately proportional 
to the depth of the solution and the concentration of the benzalde- 
hyde; but, as a matter of convenience in reading, it is best to have 
the concentrations of the sample and standards within 5 to 10 mg. 
per 40 cc. 
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DETERMINATION OF CITRAL BY FUCHSINE-SULFUROUS ACID 

This method has been adapted to the determination of citraF 
(geranial) in lemon oils and extracts. 

Reagents. 

1. Aldehyde-free alcohol. Prepare according to directions on 
page 412. 

2. Fuchsine-sulfurous acid.— Dissolve 0.5 gram of fuchsine in 
100 cc. of water and add a solution of sulfurous acid containing 16 
grams of sulfur dioxide. Let stand until colorless and dilute to a liter. 
Prepare fresh every 2 or 3 days. 

3. Standard citral solution. One gram of pure citral is dissolved 
and made up to a liter with 50 per cent (by volume) alcohol (aldehyde- 
free). 

Procedure.— Use a 2-gram sample for lemon oil and 20 to 30 grams 
in the case of lemon extracts. Place the sample in a 100 cc. volumetric 
flask, dilute to the mark, and mbc thoroughly. Allow the solution to 
cool to 15"^ in a water-bath and transfer about 4 cc. of it to a colorimeter 
tube. Then add to the tube 20 cc. of aldehyde-free alcohol, 20 cc. of 
fuchsine-sulfurous acid solution, and dilute to 50 cc. with alcohol. 
Mix and allow the solution to come to 15° in the water-bath. Prepare 
a set of standards similarly. Make color comparison at 15°. The 
concentration of the sample and comparison solution must be approx- 
imately the same when a colorimeter is used, otherwise, a correction 
must be made. To avoid making a correction, use two samples; 
the first one to determine the approximate amount of citral present. 

Note.— The color developed by lemon oil is not quite the same 
shade as that developed by pure citral. This may be due to the pres- 
ence of citronellal, since limonene does not affect the color of the 
standard. 

* E. M. Chace, J. Am. Chem. Soc., 28, 1472 (1906). 
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DYES 

DETERMINATION OF CERTAIN VAT DYES BY REDUCTION WITH 
ALKALINE SODIUM HYPOSULFITE 

Method of Yoe and Edgar 

Dyes of the indanthrene series are usually applied to the fabric in 
the reduced condition, reduction being effected by an alkaline solu- 
tion of sodium hyposulfite. Although the most favorable conditions 
for practical use of these dyes are very well known, relatively little 
seems to have been established as to the mechanism by which the 
reduction occurs, and the influence of different factors upon the rate 
of the reaction. In order to make such a study it is necessary to deter- 
mine accurately the amount of reduced dye at frequent intervals (5 
or 10 minutes). 

In a recent study of this problem^ a colorimetric method was 
employed which consisted in comparing the reduced dye solution 
against a standard made by reducing completely a known weight of 
dye, or comparing with a standardized colored glass. 

The dyes studied were furnished by E. 1. du Pont de Nemours and 
Co., Inc., Wilmington, Delaware, and were known by them as Ponsol 
Yellow G, Ponsol Blue G, Ponsol Blue R, Ponsol Dark Blue BR, 
Ponsol Violet RR. They have the following formulas: 


0 



(c) Ponsol Yellow G {b) Ponsol Blue G (c) Ponsol Blue R 

^ J. H. Yoe and G. Edgar, J. Phys. Chem., 27, 65 (1923); J. H. Yoe, ibid., 28, 1211 
(1924). Note — In the first reference NaHS 02 should read NajSjOi. 
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DYES 



(rf) Pons()l Dark lilue HR 


0 



Reagents. 

1. Sodium hydroxide. The strength that gives best results must 
be determined for each dye and for a given set of conditions. In the 
above work 0.5 N NaOH was found best for Ponsol Yellow G and 
0.25 N NaOH best for Ponsol Blue G. 

2. Sodium hyposulfite (“hydrosulfite”)- Use the solid salt. 
Provided a sufilcient amount is present, the concentration of the 
Na 2 S 204 seems to have little effect upon the reduction and solution 
of the dye. 

3. Hydrogen. Use stick zinc and sulfuric acid in any convenient 
type of generator. Wash the hydrogen by passing it first through a 
bottle containing sodium hydroxide solution and then through one 
containing alkaline pyrogallol solution. 

4. Standard dye solution. On account of rapid atmospheric oxi- 
dation, the standard must be prepared along with the sample and color 
comparison must be made at once. A thin layer cf a colorless mineral 
oil placed on top of the reduced solutions in the colorimeter tubes 
will retard the oxidizing action of the air. 

5. Standard colored glasses. On account of the rapid atmospheric 
oxidation of the reduced dye solution, it may be more convenient to 
standardize a series of colored glasses corresponding to different inten- 
sities of the reduced dye. - These glasses must, of course, be standard- 
ized and used under the same conditions as employed in the treat- 
ment of the dye sample. Care must be taken to use only glasses 
having the identical tint of the reduced dye solution and each glass 
should be marked in such a way that its position in the colorimeter is 
always the same, thus avoiding an error due to any irregularities in 
the glass. 
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Procedure— Place a weighed sample of the dye in a beaker (tall 
form and without lip) fitted with a wooden cover provided with a hole 
through which the stirrer (glass) passes and others through which 
hydrogen can be introduced and samples for analysis withdrawn. The 
tip of the inlet hydrogen tube is adjusted to within 1 cm. of the sur- 
face of the vat solution. The air in the beaker is then replaced by 
hydrogen, the stirrer (conveniently motor-driven) set in motion, and 
a measured volume of a solution of NaOH and Na 2 S 204 is 
added. Stirring is continued until reduction is complete, a current 
of hydrogen being passed continuously into the beaker. When reduc- 
tion is complete an aliquot of the solution is removed by means 
of a pipette, run into a colorimeter tube and its color compared at once. 
If the color is too intense for comparison, dilute the aliquot to a 
definite volume with a solution of NaOH and Na 2 S 204 and place a 
measured volume of the diluted solution in the comparison tube. 

Notes. 

1. The above procedure should serve only as a suggested outline, 
the details of which must be worked out for any particular dye. In 
the work of Yoe and Edgar, and of Yoc {loc. cil.), for example, it was 
found that the color of the reduced dye solution was exactly matched 
to the eye by cobalt glass. Hence, it was possible to make a series 
of permanent standards out of cobalt glass. 

2. The results of the investigations by Yoe and Edgar, and by 
Yoe {loc. cU.), indicate that the reaction between the dye and the alka- 
line hyposulfite is very rapid, that an insoluble crystalline reduced dye 
(dark blue) is first fonned, and that the latter is then peptized by 
hydroxyl ions to form a dark blue sol. The rale of peptization, and the 
amount of dye stuff peptized by a given solution, depend upon the state 
of subdivision of the dye. The rate of reduction is much faster than 
the rate of peptization. The sol is coagulated by posdivc ions. 



CHAPTER XLI 


FORMALDEHYDE AND FURFURAL 

DETERMINATION OF FORMALDEHYDE BY MORPHINE SULFATE 

If formaldehyde vapor is allowed to come into contact with a 
freshly prepared sulfuric acid solution of morphine, a pink to dark 
blue color is produced, according to the amount of formaldehyde 
present. ^ 

Reagent. — Morphine sulfate solution. Dissolve 0.35 gram of 
white, crystalline morphine sulfate in 100 cc. of cold sulfuric acid, 
sp. gr. 1.84. This solution must be prepared fresh as needed, since 
the sulfuric acid slowly decomposes the morphine, even at room 
temperature. 

Procedure.— A suitable volume of the test solution (say 60 cc.) 
is placed in a 3-in. crystallizing dish, 1 cc. of the morphine sulfate solu- 
tion is floated upon the surface of the test solution by means of a 
1-in. watch-glass, and the dish immediately covered with a glass 
plate. Keep the dish and its contents at about 20°. Compare the 
color produced in the morphine sulfate solution with those produced 
by known amounts of formaldehyde in a series of standards prepared 
along with the test solution, care being taken to start all tests at the 
same time and under like conditions as to quantity of reagent, size 
and shape of vessels, temperature, etc. 

Notes. 

1. The above method will detect 4 parts of formaldehyde in 1,000,- 
000 parts of solution. About hours are required for the faint color- 
ation to develop. 

2. By noting the time required for the first ring or color to appear, 
an approximate idea may be obtained as to the quantity of formalde- 
hyde present. Using a standard solution of milk, containing a known 
amount of formaldehyde, a series of solutions was prepared and tested. 

* F. Bonnet, Jr., J. Am. Chem. Soc., 27, 601 (1905). 
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1 he time to the appearance of color was noted. The following results 
were obtained by Bonnet: 2 


TABLE XXXVIII 
Temperature 20“ C, 


Number 

Containing 

ncHo 

Remarks 

1 

Pure milk 

No coloration after 3 hours. 

2 

4 : 100 

Coloration appeared in a few minutes, which soon turned black. 

3 

4 : 1000 

Coloration api^eared in a few minutes. Upon standing it also 
turned black. 

4 

8 : 10,000 

Go<xl ring coloration after about 8 minutes. 

5 

4 : 10,000 

; Good ring coloration after about 15 minutes. 

6 

8 : 100,000 

Fairly good ring coloration in about 45 minutes. 

7 

4 : 1,000,000 

Fairly good ring coloration in about 1 hour. 

8 

8 : 1,000,000 

Slight coloration throughout, in about IJ hours. 

9 

4 : 1,000,000 

Slight coloration throughout, in about hours. 


DETERMINATION OF FURFURAL BY ORCINOL » 

This method is based upon the blue color produced by heating a 
solution containing a small c|uantity of furfural to which has been 
added a dilute solution of orcinol containing acetic acid and concen- 
trated hydrochloric acid containing a little ferric chloride. By this 
method as little as 4 mg. of furfural per liter may be detected. 

Reagents. 

1. Ferri-hydrochloric acid reagent. Add about 60 mg. of ferric 
chloride, FeCla, to a liter of hydrochloric acid, sp. gr. 1.19. 

2. Orcinol-acetic acid solution. Dissolve 1 gram of orcinol in 
1600 cc. of pure acetic acid. The acetic acid must, of. course, be free 
from furfural. 

3. Standard furfural solution. Dissolve 1 gram of furfural in 10 
cc. of pure acetic acid, add distilled water sufficient to make a liter of 
solution, and then mix thoroughly. One cubic centimeter of this 
solution contains 1 mg. of furfural. The solution keeps well. 

* Loc. cit. 

*P. Fleury and G. Poirot, J. pharm, chim., 26, 87 (1922); Bull. soc. chim. biol., 4, 
252 (1922). 
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For the standard comparison solution, dilute 10 cc. of the above 
solution with 1 cc. of pure acetic acid and water sufficient to make 100 
cc. Mix thoroughly. This solution contains 0.1 mg. furfural per 
cubic centimeter. 

Procedure.— Place 1 cc. of the dilute furfural solution (0.1 mg. 
furfural) in a test tube. In a second test tube put 1 cc. of the sample 
containing approximately 0.1 mg. of furfural. To each tube add 
simultaneously the following reagents: 4 cc. of the orcinol-acetic acid 
solution and 5 cc. of the ferri-hydrochloric acid reagent. Place the 
tubes in a water-bath, heat them for exactly 1 minute, remove the 
tubes and allow them to stand 30 minutes. The bluish-green color, 
at first produced, turns blue on standing and reaches a maximum inten- 
sity after 30 minutes. It remains unchanged for 30 to 40 minutes 
more and then fades. As soon as the solutions have stood 30 minutes, 
they are transferred to the colorimeter and matched. 

Notes. 

1. The amount of furfural in the sample taken for comparison 
should be such that the height of liquid in the tube containing the 
sample will not vary more than 20 per cent from the height of the liquid 
in the tube containing the standard. 

2. The following results obtained by Floury and Poirot^ illustrate 
the accuracy and precision of the method: 


Milligrams of Furfural pkr Litkr 


Present 

Found 

110.0 

/ 111.11 

1 110.13 

190.0 

f 189.04 

1 188.32 

440.0 

( 444.0 

1 444.0 


3. The method of dilution cannot be used. 

4, The orcinol-acetic acid solution and the standard furfural solu- 

< Loc. cU. 
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tion are quite stable. Solutions 6 months old were still satisfactory. 
(Fleury and Poirot, loc, cil) 

DETERMINATION OF FURFURAL BY ANILINE * 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.125. 

2. Colorless aniline. Rcdislill ordinary dark-colored aiulme. 

Keep in the dark. i i i j* 

3 Furfural-free alcohol. Conunercial 95 per cent alcohol redis- 
tilled over caustic soda or potash is practically free from furfural 
4. Standard furfural solution. Dissolve 1 gram of r^ifi^ed fur- 
fural in 100 cc. of 95 per cent (by volume) alcohol This soluUon 
keeps well. Standards are prepared by diluting 1 cc. of the strong solu- 
tion to 100 cc. with 50 per cent (by volume) alcohol One cubic centi- 
meter of the dilute solution contains 0.1 mg. of furfural. . 

Procedme -A measured volume (10 or 15 cc.) of the sample con- 
taining a few tenths of a milligram of furfural is placed m a « 
tube, dUuted to 50 cc. with 50 pet cent (by 

furfural, and the solution brought to 15“ m a water-ba h. Two cub c 

centimeters of aniline and 0.5 cc. of Mrochloric acid ^ gr 

are then added and the solution thoroughly muced. After sU d g 

in the bath at 15° for 15 minutes the tube is removed and the color of 

A fraincf <;tandard furfural solutions similarly 
the solution compared against standara unura 

prepared The standard which most nearly matches th color ^ 

^ ^ 1 • ^ m tLp rolorimeter The intensity of the color is directly 

sample IS used in the colorimeter. ^ fLnf ralrulation 

proportional to the amount of furfural present, so that 
L be made directly from the colorimeter reading. 

Notes . 

1 The temperature must be carefuUy regulated since it greatly 
affects the reaLn. The sample and standard solutions are com- 
pared at 15°, which should be the approximate temperature 

Hydrochloric acid was u^ by 

- - - -- ^ 

. L. M. Tolman. J. Am. Chem. Soc., «8, 1629 (1906). 

• Loc. cil. 
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number of observers to give a color reaction with Schiff’s reagent. 
Another advantage hydrochloric acid has over acetic acid is its more 
uniform quality— a necessity for comparable results. 

3. “ In order to settle the question whether all the furfural will be 
found in the distillate and also whether there is any formation of fur- 
fural in distillation, the determination was made on a number of sam- 
ples of slightly colored and colorless spirits, in the original and in the 
distillate. The results on 120 samples gave an average of 23.4 mg. per 
liter on the original and 23.2 mg. per liter on the distillate. This 
shows that there is no loss or gain of furfural by distillation; it also 
shows that the method is reliable, as the same conditions held in these 
determinations as in the work on aldehydes.” ^ 

^ Tolman, loc. cit. 
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ORGANIC SUBSTANCES (MISCELLANEOUS) AND PENTOSE 

DETERMINATION OF ORGANIC SUBSTANCES BY POTASSIUM 
BICHROMATE-SULFURIC ACID 

Method of Heidenhain^ 

A DILUTE solution of pure potassium bichromate in pure concen- 
trated sulfuric acid may be boiled for a long time with little or no decom- 
position of the chromic acid. If, however, organic matter is present 
the chromic acid is reduced, the organic matter being oxidized quanti- 
tatively or nearly so. The solution turns different shades of color 
ranging from a pure green (complete reduction of chromic acid) to pure 
orange (undecomposed chromic acid) with all shades of yellowish 
green to greenish yellow between these extremes. The method has 
been used successfully in the estimation of carbohydrates in the wash 
liquors from washing bone-black after its decolorizing power had been 
exhausted, for the estimation of glycerol in soap lyes, for the deter- 
mination of tartrate in baking powders, and for the estimation of alco- 
hol in vinegars. 

Preparation of the Colorimetric Standards. The oxidation of 
organic substances by chromic acid in presence of sulfuric acid is only 
complete, or nearly so, when an excess of the chromic acid is employed. 
As this excess imparts to the solution a yellowish tint, we should exclude 
the purer green tints from our scale of colors if we always work with 
an excess of the chromate. As it happens, the tints in which the green 
predominates are more easily discerned than those in which the orange 
predominates. In order not to lose this advantage and also to make 
the range of colors as wide as possible, Heidenhain sacrificed the fea- 
ture of the quantitative reaction in the preparation of the colorimetric 
standards, and based the scale of colors on purely empirical results. 
The color produced by equivalent quantities of the bichromate and a 
substance is called 100; the color produced by the same amount of 

> J. Ind. Eng. Chem., 11, 297 (1919). 
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bichromate and 90 per cent of the equivalent quantity of the substance 
is called 90; and so on to zero, the color of the pure undecomposed 
bichromate. 

Procedure.— Prepare a 0.2 N K 2 Cr 207 solution by dissolving 9.8067 
grams in water and diluting to a liter. Further, prepare a 0.2 N solu- 
tion of the organic substance to be determined, calculating its quan- 
tity from the number of equivalents of oxygen required for the com- 
plete oxidation of the molecule. For instance, in the case of dextrose, 
C 6 H 12 O 6 , 12 atoms of oxygen are required for complete oxidation. 


Therefore, = 1.5 grams is the proper quantity to make 

12 X 2 X 5 

1000 cc. of a 0.2 N solution. 

Select a number of glass-stoppered bottles of cylindrical shape and 
uniform diameter, and a capacity of about 100 cc. (4 oz. oil sample 
bottles answer fairly well. Rubber stoppers may be used if care is 
taken that the contents of the bottles do not come in contact with 
them later). Put 80 cc. of water into the bottles and see whether the 
water stands equally high in them. If satisfactory in this respect, 

jnake a mark with the file to 
indicate the 80 cc. volume. 

Select a 300 cc. flask with 
long and narrow neck and make 
a reflux condenser, by bending 
a glass tube into the shape 
shown in Fig. 53, to fit the 
neck of the flask. 

Now transfer into the flask 25 cc. of the 0.2 N bichromate solution 
and 25 cc. of the 0.2 N solution of the substance, mix, and add 30 cc. 
of cone, sulfuric acid in a small stream while the contents of the flask 
are rotated. By the addition of the acid the temperature of the liquid 
is raised close to the boiling-point. Put the flask without delay under 
the reflux condenser, heat quickly to boiling, and keep at the boiling- 
point for exactly 5 minutes, regulating the flame so that the liquid boils 
up from time to time. Cool and transfer the liquid to one of the cylin- 
drical bottles. Fill to the 80 cc. mark with water, mix, and put a label 
on the neck of the bottle with the mark 100 as the first standard in the 
scale of colors. 

Prepare the second standard by mixing 25 cc. of 0.2 N bichromate 
solution with 22.5 cc. of the 0.2 N solution of the substance and 2.5 cc. 
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of water, adding 30 cc. of sulfuric acid and proceeding further as 
described above. Mark this one 90. 


TABLE XXXIX 


0.2 N 

K jCraO? 
Solution, 
Cubic 

Centimeters 

0.2 N 
Solution of 
Substance, 
Cubic 

Centimeters 

Water, 

Cubic 

Centimeter 

Sulfuric 
Acid, Cubic 
Centimeter 

Color Indicates that Substance 
is Present in Concentration of 

25 

25.0 

0.0 

30 

100% of 0.2 N 

25 

22.5 

2.5 

30 

90% of 0.2 N 

25 

20.0 

5.0 

30 

80% of 0.2 N 

25 

17.5 

7.5 

30 

70% of 0.2 N 

25 

15.0 

10.0 

30 

60% of 0.2 N 

25 

12.5 

12.5 

30 

I 50% of 0.2 N 

25 

10.0 

15.0 

30 

40% of 0.2 N 

25 

7.5 

17.5 

30 

30% of 0.2 N 

25 

5.0 

20.0 

30 

20% of 0.2 N 

25 

2.5 

22.5 

30 

10% of 0.2 N 

25 

0.0 

25.0 

30 

0% of 0.2 N 


Prepare the other standards by always using 25 cc. of 0.2 N 
bichromate solution and 30 cc. of sulfuric acid, but varying the volume 
of the 0.2 N solution of the substance and the water according to 
Table XXXIX. 


Notes. 

1. Standards prepared with substances which are completely or 
almost completely oxidized have been found to be stable for several 
months. 

2. The oxidimetric equivalents of a few substances of common 
occurrence are given in Table XL. 

The method may also be used for substances, the oxidation of 
which does not lead to definite products. However, whether or not 
permanent standards may be obtained with such substances is a matter 
of experimentation. For such cases, Heidenhain recommends making 
comparisons with a set of permanent standards, the relative values 
of which are easily determined and tabulated for ready use. 
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TABLE XL 


Substance 

1000 Cc. of a 
0.2 N Solution 
Contains, Grams 

Products of 
Oxidation 

Dextrose 

1.500 

C02,H20 

Dextrin 

1.350 

C02,H20 

Maltose 

1.425 

C02,H20 

Tartaric acid 

3.000 

C02,H20 

Oxalic acid 

12.600 

C02,H20 

Formic acid 

4.600 

C02,H20 

Glycerol 

1.314 

COjAIaO 

Ethyl alcohol 

2.300 

C 2 H 402 


Acetic acid is not oxidized. 


3. Substances to be tested may be dissolved in alkalies, ammonia, 
sulfuric and acetic acids. Hydrochloric and nitric acids interfere 
with the determination. 

4. The above method may also be used for the approximate deter- 
mination of inorganic substances having reducing properties. For 
example, Heidenhain has recently used it to analyze lime-sulfur solu- 
tions.- The total reduction of the lime-sulfur solution agreed with 
the result obtained by the methods for the determination of sulfur in 
the different forms in which it is present in this preparation. In this 
determination, the method is slightly modified as follows: A larger 
excess of dichromate (about double the theoretical quantity) is used, 
together with an equal volume of sulfuric acid. To this mixture is 
added the diluted lime-sulfur solution, the tip of the pipette being held 
below the surface of the liquid. Heating for about half a minute com- 
pletes the oxidation of the sulfur. 

DETERMINATION OF PENTOSE IN FREE OR COMBINED FORM 

Upon steam distillation of a reaction mixture containing hydro- 
chloric acid of 12 to 20 per cent concentration, a complete hydrolysis 
of a pentose-containing substance is obtained and the furfural thus 
formed is transferred quantitatively, provided certain precautions 
are taken. (See Notes 1, 2 and 3.) When the furfural solution is 
mixed with aniline and acetic acid a red color is formed. This color 

* Private communication from Mr. H. Heidenhain. 
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reaction will detect exceedingly small concentrations of furfural; and 
solutions that contain 0.00005 per cent or more of furfural can be 
quantitatively compared in a colorimeter. The method described 
below is that of Hoffman'^ and is based upon the methods of Pervier 
and Gortner^ and of Youngburg and Pucher.^ 

Reagents. 

1. Hydrochloric acid, 20 per cent. 

2. Glacial acetic acid. 

3. Sodium hydroxide, 10 per cent. 

4. Aniline. Use only freshly distilled aniline. 

5. Standard furfural solution. Prepare from furfural which has 
been repeatedly distilled under reduced pressure. Always make up 
with toluene-saturated water to prevent bacterial decomposition. 

Apparatus and Procedure. — The apparatus used for the conversion 
of pentose into furfural is the ordinary steam distillation device, except 
that the distilling flask has no rubber stoppers. Instead, the side arm 
of the flask is made quite long so as to serve as the inner tube of a con- 
denser, and has attached over it the jacket of a condenser. The tube 
that runs from the steam generator into the distilling flask is sealed 
by mercury with the flask. A 500 cc. distilling flask is most con- 
venient to hold the reaction mixture. The speed of the steam produc- 
tion may be minimized by using a small flask as a generator. Dis- 
tilled water containing potassium permanganate and sodium hydroxide 
is used as a source of steam. 

Steam distillation of furfural itself is complete within half an hour, 
but 3 hours are required for complete production of furfural from xylose 
and from ribose compounds, in order to convert the pentose into fur- 
fural. Fifty cubic centimeters of 20 per cent hydrochloric acid are 
used. 

The distillate is collected in a volumetric flask holding a little more 
than the amount of liquid expected. The distillate is then titrated 
in this flask with 10 per cent sodium hydroxide from a burette until 
neutral to phenolphthalein. The solution is then diluted to the mark 
and thoroughly mixed. The standard solution equivalent to the 
amount of furfural distilled is placed in a flask of the same size and 

*J. Biol. Chem., 73, 15 (1927). 

<Ind. Eng. Chem., 16, 1167 (1923). 

®J. Biol. Chem., 61, 741 (1924). 
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treated with hydrochloric acid and sodium hydroxide until the solu- 
tion is neutral to phenolphthalein and the sodium hydroxide added 
equals the amount added to the unknown. This solution is also 
diluted to the mark and thoroughly mixed. The two solutions now 
contain the same concentration of sodium chloride and are exactly 
neutral to phenolphthalein. Six cubic centimeters of each solution 
are transferred to a test tube; each is treated with 0.5 cc. of aniline 
and 4.0 cc. of glacial acetic acid, allowed to stand for 10 to 15 minutes 
in the dark, and then compared in a colorimeter. 

Notes. 

1. The water used as the source of steam contains a little potas- 
sium permanganate and sodium hydroxide to prevent the distillation 
of chlorine or other volatile substances. 

2. Pervier and Gortner have shown that the amount of distillate 
is unimportant, a slow stream of steam being just as effective as a fast 
one. The temperature of the reaction mixture, however, is impor- 
tant. It should be kept, as Pervier and Gortner say, at 103-105°; 
for, at higher temperatures, decomposition may occur, and besides 
the hydrochloric acid is soon distilled out, and at lower temperatures 
the volume in the distilling flask increases, producing a diminution of 
the concentration of the hydrochloric acid and a consequently decreased 
speed of reaction. This constancy of temperature can be acquired 
with a little practice without the use of a thermometer, by regulating 
the size of the flame under the distilling flask. Good results are 
obtained if the volume is allowed to remain constant or to decrease 
very slowly. In 3 hours, under such conditions, the concentration of 
hydrochloric acid never gets below 12 per cent. 

3. Furfural must not come in contact with rubber stoppers. This 
condition is made conveniently possible by the use of a distilling flask 
with a mercufy seal and with a long side arm serving as a condenser. 

4. Hoffman® has shown that the above method gives theoretical 
results in 3-hour distillations using 50 cc. of 20 per cent hydrochloric 
acid in the case of xylose, adenosine, guanosine, adenine, nucleotide, 
and guanidine nucleotide. Arabinose is only slowly converted into 
furfural, and the pyrimidine nucleotides are only very slowly hydro- 
lyzed. Yeast nucleic acid gives up a little more than half its pentose 
in 3 hours, as is to be expected. 

*Loc,cU, 
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PHENOL AND SALICYLIC ACID 
DETERMINATION OF PHENOLS BY THE FOLIN AND DENIS REAGENT 

Method of Vorce^ 

This method was developed by Vorce for the determination of 
minute amounts of phenols in polluted natural waters. 


Reagents. 

1. Citric acid, crystallized. 

2. Sodium hydroxide, solid. 

3. Sodium carbonate, saturated solution. 

4. Hydrogen peroxide, free of stabilizers containing a benzene 
nucleus. 

5. Folin and Denis phenol reagent.^ The phenol reagent is pre- 
pared as follows: To 750 cc. of distilled water add 100 grams of 
sodium tungstate, 18 grams of molybdenum trioxide, and 50 cc. of 85 
per cent phosphoric acid (II3PO4), and boil under the reflux condenser 
for 2 hours. Cool and dilute to 1 liter. The standard phenol solution 
contains 1 mg. of phenol to 1 cc. of solution and is preserved in a black, 
paper-covered, glass-stoppcred bottle with the stopper kept scaled 
with wax and the bottle kept away from light as much as po^ible. 
Thus preserved, the solution will keep at least 6 months without 
change of strength. 

Procedure.-(a) Preparation ^ 7 / Measure accurately 2 or 
3 liters of the sample into a flask, add 2 to 4 grams of solid caustic 
soda, and shake frequently until dissolved and the precipitated bases 
and coagulated albuminous matter have separated. Filter into a 
similar flask, and wash flask and filter once with water. To the filtrate 
in the second flask add 25 cc. of peroxide of hydrogen (H 2 O 2 ), being 

lInd.Eng. Chem., 17, 751 (1925). 

»J. Biol. Chem., 12, 239 (1912). 
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particular to use a kind stabilized with a compound that does not 
contain a benzene nucleus. Shake thoroughly and allow to stand 
overnight, uncorked, to allow as much as possible of the excess perox- 
ide to escape. Fit the flask with a rubber stopper carrying a con- 
stant-level delivery tube. Place at least 20 grams of solid sodium 
hydroxide in a 15 cm. nickel or porcelain evaporating dish, and if 1 
liter of the sample was taken support on a stand over a Bunsen burner. 
If 2 or more liters of the sample were taken, place the dish on a con- 
stant-level water-bath and run overnight. Support the inverted 
flask over the dish so that the level of the water in the dish will main- 
tain a nearly constant volume of not more than 200 cc. Adjust the 
burner (case of 1 liter sample) so that the contents of the dish are just 
below the boiling-point. When the flask is empty, rinse it and the 
delivery tube once or twice with water and continue evaporation 
until the contents of the dish do not exceed 200 cc. 

Transfer the concentrated solution to a long-necked, 750 cc. 
Kjcldahl flask, and chill in ice or cold tap water. Add to the flask, 
all at once, 45 grams of crystallized citric acid and, when dissolved, 
test with litmus paper to insure acidity. Fit the neck of the flask 
with a rubber stopper carrying a return-flow bulb trap with vapor 
outlet tube bent downward to fit the top of the vertical condenser, 
and a glass stopcock separatory funnel of 50 to 75 cc. capacity. Any 
form of condenser that will deliver the distillate thoroughly cold will 
suffice. If the projecting bottom end of the condenser tube is not 
long enough to reach the bottom of an ordinary 500 cc. volumetric 
flask, extend it with a rubber sleeve and glass tube. Connect the dis- 
tilling flask to the condenser and place below, on sufficient blocking, 
a 500 cc. volumetric flask receiver, first adding a few cubic centi- 
meters of water to seal the end of the condenser tube. Heat the dis- 
tillation flask by a direct flame and distill until about 125 cc. have 
passed over, when the contents of the distilling flask will be almost 
entirely sodium citrate dissolved in its crystal water. 

Lower the receiver until the tip of the condenser tube is again just 
sealed by the distillate, and without removing the burner introduce 
through a stopcock funnel 100 cc. of distilled water. Continue dis- 
tillation and repeat this procedure each time 100 cc. have distilled 
over until the receiving flask is nearly filled to mark. After allowing 
the distillate to reach room temperature, make up to 500 cc. with dis- 
tilled water and mix thoroughly. This solution now contains all but 
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traces of the phenol in the sample originally measured into the* reser- 
voir flask of the concentrating apparatus. 

{b) Color Comparison.— For the color comparison standards, some 
of the strong standard is diluted to a 10 p.p.m. solution for use in 
making up the color standard tubes; this 10 p.p.m. solution should 
be freshly prepared each time as it docs not keep well. Vorce uses 50 
cc. Nessler tubes for the comparison, and in making the color stand- 
ards, in 50 cc. tubes, 1 cc. of the Folin and Denis phenol reagent should 
be added for each 1 p.p.m. of phenol in the standard, and followed by 
5 cc. of saturated sodium carbonate .solution. At least an hour is 
required for full development of color in tubes of less than 4 p.p.m. 
of phenol, and with more than 4 p.p.m. of phenol the sample must be 
diluted for comparison. Tubes arc best viewed from the side against a 
white background, by reflected light. When the color standards have 
fully developed, the sample tube, prepared at the same time as the 
standards, is compared with them and the indicated content noted. 
If this indicated content of phenol in parts per million varies from the 
number of cubic centimeters of phenol reagent used in preparing the 
sample tube, make up two more tubes of the sample distillate, using 
in one as many cubic centimeters of phenol reagent as the parts per 
million of phenol indicated by the trial tube, and in the other, 0.5 
cc. more than the indication. These two tubes will almost always give 
so nearly the same color that they cannot be distinguished from each 
other. If either should be visibly darker, compare the darker one 
with the color standards and take the reading as the phenol content 
of the distillate. Calculation to original sample is obvious. 

DETERMINATION OF PHENOL BY MILLON’S REAGENT 

This method depends upon the yellow to red coloration produced 
by the addition of Millon’s reagent to a solution of phenol containing 
nitric acid.^ 

Reagents. 

1. Nitric acid, sp. gr. 1.42. 

2. Millon’s reagent. Dissolve 400 grams (30 cc.) of mercury in 
570 cc. of nitric acid, sp. gr. 1.42, and dilute the solution with two vol- 
umes of water. 

»H. Bach, Z. anal. Chem., BO, 736 (1911). 
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3. Phenol. Prepare a water solution of pure phenol containing 

0.1 mg. of phenol per cubic centimeter. 

Procedure. — Place 10 cc. of the test solution (containing between 

0.3 and 1.5 mg. of phenol) in a comparison cylinder of narrow-bore 
(1 cm. diam.), add 0.2 cc. of Millon’s reagent and 3 drops (0.1 cc.) of 
nitric acid, sp. gr. 1.42, and heat in a hot water-bath almost to boiling. 
Allow the solution to stand 2 hours and match its color against a 
standard solution prepared similarly and along with the test solution. 


Notes. 

1. By heating the solutions to the boiling-point the color is ren- 
dered sufficiently stable for colorunetric comparison. 

2. If the color of the treated test solution is pale yellow to bright 
rose, the phenol content is between 0.2 and 0.7 mg. A bright rose to 
red indicates 0.8 to 1.8 mg. of phenol, and red to deep red indicates 
1.8 to 3 mg. of phenol, 

3. Best results arc obtained when the phenol concentration is 
between 30 and 150 mg. per liter. If the sample gives only a very pale 
yellow color upon treatment, take a 100 cc. portion of it, acidify with 
5 cc. of cone, nitric acid, distill over 20 cc., and use 10 cc. of the dis- 
tillate for the test. 

DETERMINATION OF SALICYLIC ACID BY IRON ALUM 

This method is adapted to the estimation of salicylic acid in food. 

Reagents. 

1. Sulfuric acid, 6 N. 

2. Sodium hydroxide, 6 N. 

3. Ether. 

4. Iron alum, 1 per cent. Add a drop or two of sulfuric acid per 
each 100 cc. of solution. 

Procedure. — The salicylic acid is extracted with ether and the 
ethereal solution in turn shaken with two successive portions of water 
containing a few drops of sodium hydroxide solution. Carefully neu- 
tralize the aqueous extract and dilute to 250 cc. Place an aliquot vol- 
ume in a colorimeter tube or a Nessler cylinder, add 1 or 2 cc. of 1 per 
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cent iron alum solution, mix, and compare the color with that given 
by a known quantity of salicylic acid similarly treated. 

Note.— According to Harvey ,4 1 part of salicylic acid in 3,000,000 
parts of water can be detected. 

DETERMINATION OF SALICYLIC ACID BY FEHLING’S SOLUTION » 

This determination is similar to the salicyclic acid method for the 
determination of copper, which see. 'Hie sample is treated with 
Fehling’s solution and matched against a series of standards prepared 
at the same time. 

Reagents. 

1. Acetic acid, 10 per cent. 

2. Potassium nitrate, 2 per cent. 

3. Fehling’s solution. Solution d.— Dissolve 34.64 grams of pure 
copper sulfate, CuS 04 * 5 H 20 , in 500 cc. of water. Solution B. — Dis- 
solve 60 grams of sodium hydroxide and 173 grams of Rochelle salt 
(sodium potassium tartrate, NaKC 4 H 40 o *41120) in 500 cc. of water. 
Mix equal volumes of Solutions A and B and use at once. 

4. Standard salicylic acid solution. Dissolve 0.1000 gram of pure 
salicylic acid, or 0.1159 gram of pure sodium salicylate, in water and 
dilute to a liter. Thoroughly mix. One cubic centimeter of the solu- 
tion contains 0. 1 mg. of salicylic acid. 

Procedure. — The sample should be adjusted to contain between 
0.01 and 0.1 mg. of salicylic acid. It is concentrated to 2 or 3 cc. and 
placed in a small test tube. At the same time have ready a series 
of similar test tubes containing 0, 0.2, 0.4, 0.6, 0.8, and 1.0 cc. of the 
standard solution. Add to the sample tube, and to each tube of 
standard, 2 cc. of a solution of 1 part of Fehling’s solution to 10 parts 
of water, 5 drops of the potassium nitrate solution, 5 drops of the 
acetic acid solution, and water sufficient to bring the volume up to 
approximately 5 cc. The volume of the solutions must be the same. 
The tubes are now placed in boiling water, heated for 45 minutes, and 
then compared. The comparison must be direct. The method of 
dilution is not satisfactory. 

^Analyst, 28, 2 (1903). 

‘ F. Schott, Z. Nahr. Genussm., 22, 727 (1911). 
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Notes. 

1. Sucrose, glucose, lactose, invert sugar, and traces of iron do not 
interfere with the analysis, but free mineral acids, tartaric and citric 
acids, and large amounts of iron do. 

2. Fehling’s Solutions A and B keep perfectly unmixed, but must 
be used at once after they are mixed. 

3. The presence of 0.001 mg. of salicylic acid per cubic centimeter 
can be detected in a 10 cc. sample. Smaller amounts may be detected 
and estimated by suitable concentration. 
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TANNIN AND THIOPHEN 
DETERMINATION OF TANNIN ' 

This method is based upon the violet color produced when ferrous 
sulfate reacts with gallotannin in the presence of tartaric acid. 

Reagents. 

1. Ferrous sulfate reagent. Dissolve 1 gram of ferrous ammonium 
sulfate, FeS04 -71120, and 5 grams of Rochelle salt in 20 cc. of water. 
Prepare fresh as needed. 

2. Standard solution. Use either pure pyrogallol or pure gallic 
acid, preferably the latter. A suitable standard contains 0.1 gram of 
the pure substance per 100 cc. of water. 

Procedure.— Place 1 cc. of the standard solution and a measured 
volume of the tannin solution in Nessler tubes, add to each 2 cc. of 
the ferrous sulfate reagent, dilute to the 100 cc. mark, mix, and com- 
pare the colors both vertically and horizontally. If both colors are too 
dark, take 50 cc. of each and again compare. Pipette out the darker 
solution until its color matches the weaker when viewed vertically. 
Then dilute each solution to 100 cc., mix, and again compare. 

Notes. 

1. The color produced in the above procedure is so stable that the 
process of dilution and comparison may be repeated, several times 
without recharging the tubes. If very little tannin is present in the 
unknown solution, it is best to repeat the determination, using a smaller 
amount of standard. 

2. The colorimetric ratio varies with different tannins because the 
gallotannin content varies. For example, tannin from sumac does not 
appear to contain any gallotannin and, hence, the colorimetric method 
fails. 

^ C. A. Mitchell, Analyst, 48, 2 (1923). 
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DETERMINATION OF THIOPHEN IN CRUDE BENZENE * 

The method is based upon the green coloration produced when ben- 
zene containing thiophen is mixed with a sulfuric acid solution of isatin. 
It is applicable to benzenes containing 0.05 per cent or more of thio- 

HC CH 

phen, II II 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Isatin-sulfuric acid. Dissolve 0.:) gram of isatin in 1000 grams 
of sulfuric acid, sp. gr. 1.84. 

Procedure. — Add 1 cc. of the benzene sample to a mixture oi 25 cc. 
of sulfuric acid and 25 cc. of isatin-sulfuric acid, thoroughly shake, 
and compare the color with that obtained with pure benzene to which 
has been added a definite amount of thiophen. 

’ C. Schwalbe, Chem. Ztg., 29, 895 (1905). 
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VANILLIN 

DETERMINATION OF VANILLIN 

Method of Folin and Denis ^ 

This method is based upon the deep blue color obtained when 
vanillin in acid solution is treated with a phosphotungstic-phospho- 
molybdic reagent and then sodium carbonate added in excess. Other 
mono-, di-, and tri-hydric phenol compounds give similar reactions. 

The method is short and accurate and requires only 2.5 cc, of extract 
for from two to four duplicate determinations. 

Reagents. 

1. Sodium carbonate. Use a saturated solution. 

2. Lead acetate. Prepare a solution containing 5 per cent basic 
and 5 per cent neutral lead acetate. 

3. Phosphotungstic-phosphomolybdic acid reagent. Add 100 

grams of syrupy phosphoric acid (containing 85 per cent H 3 PO 4 ) and 
700 cc. of water to 100 grams of pure sodium tungstate and 20 grams of 
phosphomolybdic acid (free from nitrates and ammonium salts), boil 
for about 2 hours, cool, filter if necessary, and make up to a liter with 
water. • 

An equivalent amount of pure molybdic acid may be substituted 
for the phosphomolybdic acid. 

4. Standard vanillin solution. Dissolve 2.0000 grams of vanillin 
in 200 cc. of 95 per cent alcohol, dilute to a liter, and thoroughly mix. 
Dilute 10 cc. of this solution to 200 cc. as needed. Ten cubic centi- 
meters of this solution contain 1 mg. of vanillin. 

The strong solution will keep for at least 2 months, but the weaker 

‘ 0. Folin and W, Denis, J. Ind. Eng. Chem., 4, 670 (1912). 
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solution increases, on standing, in its power to produce a blue color 
when treated with the reagent. " 

Procedure. — Place 5 cc. of the vanilla extract in a 100 cc. volu- 
metric flask, add about 75 cc. of cold tap water and 4 cc. of the lead 
acetate solution. Dilute to the mark with water and rapidly filter 
through a folded filter paper. Transfer by means of a pipette 5 cc. of 
the filtrate to a 50 cc. volumetric flask. In another 50 cc. volumetric 
flask place 5 cc. of the standard vanillin solution. Add to each flask 
5 cc. of the phosphotungstic-phosphomolybdic reagent, allowing the 
reagent to run down the neck of the flasks so as to wash down any 
adhering vanillin. Shake the flasks, allow the solutions to stand for 5 
minutes, and then dilute to the mark with saturated sodium carbonate 
solution. Mix thoroughly the contents in each flask and allow to 
stand 10 minutes. At the end of this time the sodium phosphate 
will have completely precipitated. Then filter rapidly through a 
folded filter paper and compare the resulting deep blue solutions in a 
colorimeter. 

If a Duboscq colorimeter is used, the standard solution is best 
placed at 20 mm. as experiment has shown that the color produced 
by the amount of vanillin contained therein (1 mg. in 100 cc.) is most 
accurately and easily read at this point.” 

Notes. 

1. No solution should be used for the colorimetric comparison 
which is not perfectly clear after filtration. A slight cloudiness of the 
solution to be read will cut off more light than the standard and, hence, 
will give a reading too low, with correspondingly high result. 

2. Vanillin, even in fairly dilute solution, is precipitated by basic 
lead acetate, but in the very high dilutions employed in the above 
procedure no precipitation occurs. 

3. Coumarln, extract of tonka bean, and acetanilid do not give a 
color reaction with the phosphotungstic-phosphomolybdate reagent, 
and the presence of sugar, caramel, or glycerin does not in any way 
interfere with or alter the color formation. 

4. The table below will give an idea of the agreement between 
results obtained by the “ ofl&cial method ” and those by the colorimet- 
ric method. The data are taken from Folin and Denis. ^ The figures 

* 0. E. Harder, J. Ind. Eng. Chem., 6, 619 (1913). 

* Folin and Denis, loc. cil, 

* Loc. cil. 
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for the official method were obtained in part by Dr. A. L. Winton and 
in part by Dr. R. S. Hiltner. 


TABLE XLI 




Percentage Vanillin by 

Number 

Prepare from 

Otlicial 

method 

Colorimetric 

method 

I 

1 

Mexican beans, 60 per cent alcohol and glycerin . . 

0.20 

0.20 

II 

1 

Bourbon beans, 60 per cent alcohol and sugar 
(U. S. P.) 

0.19 

0.19 

III* ' 

Mexican and Tahiti beans and maple syrup, prune 
juice, synthetic vanillin and caramel ! 

0.18 

0.17 

IV t 

25 per cent tonka extract, 75 per cent prune juice, j 
0.15 per cent vanillin and caramel coloring 

0.15 

0.16 


* A. U. S. P. extract, 
t An entirely artificial extract. 


Method of Estes 

When mercuric nitrate in nitric acid solution is added to a solu- 
tion containing vanillin, a violet to violet-red color is produced. The 
intensity of the color is directly proportional to the amount of vanillin 
present. The reaction seems to be characteristic of vanillin and mer- 
curic nitrate (see Note 1) and gives a rapid and accurate method for 
the estimation of vanillin in extracts. 

Reagents, 

1. Mercuric nitrate reagent. Dissolve metallic mercury in twice 
its own weight of concentrated nitric acid, sp. gr. 1.42, and then 
dilute with 25 times its weight of water. These proportions may 
be varied somewhat, but it is necessary to have a slight excess of 
nitric acid and the mercury must be in the higher state of oxidation. 

2. Standard vanillin solution. Dissolve 1.0000 gram of the purest 
vanillin in water and dilute to 100 cc. Thoroughly mix. One cubic 
centimeter of the solution contains 10 mg. of vanillin. 

Alcoholic Extracts 

Procedure.— Place 5 cc. of the vanilla extract in a 50 cc. volu- 
metric flask and add 6 cc. of water and 1.5 cc. of the mercuric nitrate 
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reagent. At the same time place 5 cc. of the standard vanillin solu- 
tion, 0.5 cc. of the mercuric nitrate reagent and 6 cc. of water in 
another 50 cc. flask. Set the two flasks in boiling water and heat for 
20 minutes. Then remove the flasks, rapidly cool the solutions to 
room temperature, dilute to the mark, and filter. Compare the solu- 
tions in a colorimeter. 


Non-alcoholic Extracts 

Procedure. — The procedure is the same as that for alcoholic 
extracts, except that 1.0 cc. of the mercuric nitrate reagent is used 
instead of 1.5 cc. The standard is prepared exactly as directed above 
for alcoholic extracts. 


Notes. 

1. “ This color reaction seems to be characteristic only of vanillin 
and the acid nitrate of mercury, as acid nitrates of many other metals 
were prepared in the same way as that of mercury, but in every case 
they failed to develop a color; also many other organic compounds 
containing a hydroxyl group and an aldehyde group have been sub- 
stituted for vanillin in the reaction, but so far no color reaction was 
found which resembled that of vanillin. Some other organic com- 
pounds were found which gave a color reaction with the acid nitrate 
of mercury reagent;, however, the colors produced could never be mis- 
taken for that produced by vanillin.”’'’ 

2. Since the mercuric nitrate reagent, when added to a vanilla 
extract, causes a precipitation of the resins, coloring matter, etc., it is 
necessary to add a sufficient quantity of the reagent so as to have an 

. excess to react "with the vanillin. 

3. The solution is heated after adding the reagent in order to 
hasten the formation of the maximum intensity of color. The color is 
produced only slowly at room temperature. 

4. The results recorded in the following table were obtained by 
Estes® and represent single determinations, both by the gravimetric 

® C. Estes, J. Ind. Eng. Chem., 9, 142 (1917). 

* Loc. cU. 
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and colorimetric methods. They represent all the results obtained 
and not selected results from a larger number of analyses. 




Extracts, Per Cent Vanillin 




Alcoholic 


Non-alcoholic 


Sample 
No. 1 

Sample 
No. 2 

Sample 
No. 3 

Sample 
No. 4 

Sample 
No. 5 

Sample 
No. 6 

Gravimetric method 

0.26 

0.26 

0.14 

0.11 

0.80 

0.29 

Colorimetric method 

0.24 

0.26 

0.14 

0.08 

0.77 

0.22 




PART IV 


BIOLOGICAL 

CHAPTER XLVI 

BLOOD ANALYSIS 

NON-PROTEIN NITROGEN, UREA, CREATININE, CREATINE, 

URIC ACID, AND AMINO-ACID NITROGEN 

In the preceding chapters several procedures have been given for 
the determination of certain constituents in biological material 
(blood, urine, etc.). In addition to these determinations there are a 
number of others which should be treated in a work of the present 
scope. The procedures in Chapters XLVI and XL VII deal with the 
colorimetric analysis of the more commonly determined constituents 
in blood; those in Chapters XLVIll and XLIX arc for urine analysis. 
In each case a discussion of the principles involved is given. 

Method of Drawing Blood for Analysis.— Draw a tourniquet of 
soft, firm rubber tubing (or a strip of bandage) tightly around the arm 
of the patient about 2 ins. above the elbow, the patient keeping the 
fist firmly clenched. Wash the parts about the most prominent vein 
(usually the median basilic) with alcohol, hold the vein firmly with the 
thumb, and insert into the vein a sterile hypodermic needle at an 
angle of about 50° with the surface of the arm, keeping the opening of 
the needle downward or to the side. Allow the blood to run into a 
test tube which has its inner wall covered with a film of sodium oxalate. 
(See Note 4.) The blood dissolves sufficient of the oxalate to prevent 
clotting. Centrifuge to obtain the plasma. 

Notes, 

1. A No. 18 needle U ins. long is suitable. 

2. It is best to take the blood specimens in the morning before 
breakfast, to minimize the influence of food ingestion. 
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3. Keep all specimens in an ice box till ready for use. It is prefer- 
able to make the analysis the day a specimen is drawn, especially for 
sugar, since this decreases in amount on standing. However, Denis ^ 
has shown that blood may be preserved for 4 days or longer at 20 to 33° 
C. by adding a drop of 40 per cent formalin to each 5 cc. Denis and 
Bevon^ recommend fluorides as a blood preservative, while Sander 
and also John ^ recommend a mixture of sodium fluoride and thymol. 
Care must be taken in the selection of a preservative since they all 
interfere with certain methods. 

4. Test tubes may be conveniently coated inside with sodium 
oxalate by placing in each tube | cc. of a hot saturated solution of 
sodium oxalate and then laying them flat on a hot-plate. The evap- 
orating solution spatters and, upon drying, leaves a coating of oxalate 
on the walls of the tubes. 

PREPARATION* OF PROTEIN-FREE BLOOD FILTRATE 

The total protein content of the blood is removed by precipitation 
with tungstic acid and filtration. The tungstic acid is formed by the 
interaction of sodium tungstate and sulfuric acid. 

Reagents. 

1. Sulfuric acid, N. Dilute 35 grams of sulfuric acid, sp. gr. 1 .84, 
to a liter, mix, and check by titration against a standard NaOH solu- 
tion. (See Note 4.) 

2. Sulfuric acid, iV N. This solution is needed only in case the 
Haden modified method is to be used. It may be prepared by adding 
2.5 cc. of cone. H 2 SO 4 , sp. gr. 1.84, to 1 liter of distilled water, thor- 
oughly mixing and checking by titration against a standard NaOH 
solution. 

3. Sodium tungstate, 10 per cent. Use Na2W04-2H20, taking 
care that it does not contain too much sodium carbonate. 

Procedure.— -Twenty milligrams of sodium or potassium oxalate 
per 10 cc. of blood should have been used in order to prevent coagula- 
tion. Larger amounts of oxalate or the use of citrate interferes with 
the deproteinization and to some extent with the uric acid determina- 

1 J. Biol. Chem., 44, 203 (1920). 

2 J. Lab. Clin. Med., 9, 674 (1924). 

» J. Biol. Chem., 68, 1 (1923). 

<Arch. Path. Lab. Med., 1, 227 (1926). 
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tion. Where uric acid is to be determined, Folin recommends that 
lithium oxalate be used instead of poassium oxalate. 

An accurately measured quantity (5 to 15 cc.) of the oxalated blood 
is placed in a flask having a capacity about twenty times that of the 
volume of sample taken. The blood is then laked with 7 volumes of 
water, 1 volume of a 10 per cent solution of sodium tungstate is added 
and the solution mixed. From a burette or graduated pipette one vol- 
ume of 2/3 N sulfuric acid is added, drop by drop and with constant 
stirring, and the flask, with a rubber stopper inserted, is shaken. If the 
conditions are satisfactory the shaking causes few, if any, air bubbles 
to form. The mixture is allowed to stand 5 minutes (10 to 20 minutes 
in case uric acid is to be determined). The coagulum gradually 
changes in color from bright red to dark brown. Failure to undergo 
this color change indicates incomplete coagulation and is usually due 
to the presence of too much oxalate. Should this occur the sample 
may be saved by adding 10 per cent sulfuric acid, one drop at a time, 
and shaking vigorously after each drop, until there is practically no 
foaming and the dark brown color has appeared. 

The mixture is poured on a filter large enough to hold it all, care 
being taken to add the first few cubic centimeters to the double por- 
tion of the filter paper and allowing the whole filter to become wet 
before adding the remainder of the mixture. The funnel is covered 
with a watch-glass and the filtration continued. By this procedure 
the first portion of the filtrate should be as clear as water, otherwise a 
refiltering may be required. 

Haden^ has introduced an improved method for preparing protein- 
free filtrates. In this method fewer solutions are required, filtration 
is more rapid, and a larger and more nearly neutral filtrate is obtained. 
The modified procedure consists in mixing 7 volumes of water with the 
sulfuric acid, making 8 volumes of I'i N H 2 SO 4 to be used. The 8 
volumes of N H2SO4 are added directly to the bloodi Taking and 
darkening take place very rapidly. Then 1 volume of 10 per cent 
sodium tungstate is added and the whole thoroughly mixed and fil- 
tered as directed above. 

Notes. 

1. The graduated pipette (Fig. 54) of Folin and Wu® is very con- 

M. Biol. Chem., 66, 469 (1923). 

« J. Biol. Chem., 88, 85 (1919). 
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venient for measuring the blood, the sodium tungstate solution, and 
the sulfuric acid. 

2. If the protein-free blood filtrates are to be kept for more than 
2 days, some preservative (a few drops of toluene or xylene) should 
be added, since the acidity of the filtrates is not high 
enough to prevent bacterial decomposition. 

3. For optimum precipitation of protein, the pH 
of the filtrate should not be greater than 2 . 8 . This 
p\l may be conveniently determined by adding a drop 
of 0.04 per cent bromphenol blue to a few drops of 
the filtrate on a test plate. A yellow or greenish yellow 
color should be obtained, alkalinity being indicated by 
a pure blue shade. 

4. The 2/3 N H 2 SO 4 is intended to be equivalent 
to the sodium content of the tungstate. When equal 
volumes ol acid and tungstate solution arc mixed, prac- 
tically all of the tungstic acid is set free, leaving only 
a little sulfuric acid. The tungstic acid is taken up 
almost quantitatively by the proteins and leaves the 
blood filtrate only slightly acid to Congo red paper. 

5. In case plasma is used, only half quantities of 
sodium tungstate and sulfuric acid solutions should be 
added, the balance being made up with distilled water. 

DETERMINATION OF NON-PROTEIN NITROGEN 

This determination is made on a protein-free blood 
filtrate which is digested with a sulfuric acid-phosphoric 
Fir,. 54 ,— Kolin acid-copper sulfate mixture. The exact course of the 
and vvu Pipette reactions" taking place during the digestion cannot be 

38, 85 (I9i9h hydrolyze the NH 2 -groups to 

give ammonia, and also act as an oxidizing agent, con- 
verting the organic matter into carbon dioxide, water, or other vola- 
tile products. The ammonia combines at once with the acids to 
form ammonium acid salts. The reactions taking place may be 
illustrated by the following equations: 

C0(NH2)2 + H 2 O + 2 H 2 SO 4 -> 2 NH 4 HSO 4 + CO 2 , 

CgHioOg — > 6C “h 5 H 2 O, 

C + 2 H 2 SO 4 2 H 2 O -h CO 2 + 2 SO 2 . 

^ J. H. Yoe, Ann. chim. anal. chim. appl. [2], 7, 197 (1925). 
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The copper sulfate gives up oxygen more readily to the organic 
matter than the acids do; but the acids then reoxidizc the copper so 
that at the end of the operation the copper is still present as copper 
sulfate. In other words, the copper salt acts catalytically as an oxygen 
carrier. Koch and McMeekin use sulfuric acid and hydrogen peroxide 
in the digestion. * 

Reagents. 

1. Sulfuric-phosphoric acid reagent. Add 300 cc. of 85 per cent 
phosphoric acid to 50 cc. of a 5 per cent copper sulfate solution, mix, 
add 100 cc. of sulfuric acid, sp. gr. 1.84, and mix. The acid must be 
ammonia-free. Keep the solution well stoppered and protected 
from ammonia in the air. Dilute with an equal volume of water before 
using. 

2. Nessler’s reagent, (a) Preparation according to Folin and Wu , — 
This reagent is an alkaline solution of the double iodide of mercury 
and potassium, Hgl 2 - 2 KI. Put 150 grams of potassium iodide and 
no grams of iodine in a 500 cc. Florence flask, add 100 cc. of water 
and an excess of metallic mercury (140-150 grams). Shake the mix- 
ture vigorously and continuously for 7 to 15 minutes or until the dis- 
solved iodine has about disappeared. The solution becomes quite 
warm. As soon as the reddish iodine solution begins to turn pale, 
though still red, cool under the water tap and continue shaking until 
the reddish iodine color has been replaced by the greenish color of the 
double iodide. The entire operation usually docs not require more 
than 15 minutes. Decant the solution, wash the mercury and flask 
thoroughly with distilled water, dilute the solution and washings to 2 
liters, and mix. 

If the cooling was started in time the reagent will be sufficiently 
clear for diluting at once with 10 per cent alkali and water and the 
final solution can be used immediately for Nesslerization. From this 
stock solution prepare the final reagent as follows: Put 3500 cc. of 10 
per cent sodium hydroxide solution in a 5-liter flask and add 750 cc. of 
the stock solution of the double iodide and 750 cc. of distilled water, 
thus making a total of 5 liters of solution. Mix the solution thor- 
oughly. 

The 10 per cent sodium hydroxide solution should be made from a 
saturated solution (about 55 grams NaOH per 100 cc.) which has stood 
* J. Am. Chem. Soc., 46, 2066 (1924). 
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until the carbonate has settled, the clear solution being carefully 
decanted or siphoned and used. This solution should be accurate 
to within at least 5 per cent as indicated by checking against a standard 
acid. 

The alkalinity of the Nessler reagent is important and should be 
checked against a standard acid. Twenty cubic centimeters of N HCl 
should require 1 1 to 1 1 .5 cc. of the reagent. 

{b) Prcparalion according to Bock and Benedict. Put 100 grams of 
mercuric iodide and 70 grams of potassium iodide in a liter flask, add 
about 400 cc. of water, and rotate the flask until solution is complete. 
Next dissolve 100 grams of sodium hydroxide in about 500 cc. of water, 
cool thoroughly, and add with constant shaking, to the solution in the 
flask, finally making up to a liter and mixing. Let the solution stand 
until the small amount of brownish red precipitate settles, decant or 
siphon off the clear supernatant liquid and use. 

(c) The modified Nesslcr-Folin Reagent; for Method B. — Dissolve 
22.5 grams of iodine in 20 cc. of water containing 30 grams of potas- 
sium iodide and then add 30 grams of pure mercury. Shake the mix- 
ture well, keeping it from becoming hot by holding the vessel under 
running tap water from time to time. As soon as the supernatant 
liquid has lost all of the yellow color due to iodine, decant and test a 
a small portion by adding a few drops of the liquid to 1 cc. of a 1 per 
cent starch solution. A positive test for iodine shows that mercurous 
compounds are absent. Should a positive test not be obtained, then 
add iodine solution (of the same concentration as used above), a few 
drops at a time, until a faint excess of free iodine is present as indicated 
by testing a small portion with starch solution. Next dilute to 200 cc. 
and thoroughly mix. Add this solution to 975 cc. of an accurately 
prepared 10 per cent solution of sodium hydroxide, mix thoroughly, 
and let stand until clear. 

This solution is used in the proportion of 10 cc. per 100 cc. of the 
solution to be Nesslerized, except in special cases where a large excess 
of acid is present, e.g., the direct Nesslerization methods. In these 
methods, the reagent should be added in an amount which will give 
the same alkalinity in the unknown as in the standard. 

3. Sulfuric acid, 1:1; for method B. 

4. Hydrogen peroxide, 30 per cent; for Method B. Use Merck’s 
Superoxal or Kahlbaum’s Perhydrol. Keep the solution in a cool place 
to avoid sudden decomposition. Do not measure out the solution 
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with a pipette since the vapors are very irritating to the mucous mem- 
brane, and do not allow the liquid to come in contact with the skin. 
The peroxide may contain an appreciable quantity of nitrogen, in 
which case a “ blank ” determination must be made and the correction 
applied to the result obtained with an unknown. 

Method A 

Place 5 cc. of the blood filtrate in a large Pyrex test tube (25 mm. 
X 200 mm.), preferably graduated at 35 cc. and 50 cc. The test tube 
should either be dry or rinsed with alcohol so as to reduce the danger 
of bumping. Drop a quartz pebble into the test tube, add 1 cc. of the 
diluted sulfuric-phosphoric acid reagent, or I cc. of the undiluted, and 
boil vigorously over a micro-burner till dense white fumes begin to fill 
the tube. Three to 7 minutes will be required. As soon as the fumes 
almost fill the tube, lower the flame till the solution just boils, cover 
the tube with a small watch-glass, and continue gentle heating for 2 
minutes, counting from the moment the tube became filled with fumes. 
Should the oxidation be incomplete at the end of 2 minutes, continue 
gentle heating until the solution is almost colorless. Usually 20 to 40 
seconds are required for the solution to become colorless. Remove the 
flame at the end of 2 minutes, allow the solution to cool for 70 to 90 
seconds, add 15 to 25 cc. of water, cool to about room temperature, and 
dilute to the 35 cc. mark with water. (See Note 1.) Now add 15 cc. 
of Nesslcr’s reagent, stopper with a clean rubber stopper, and mix. 
In case the solution is turbid, centrifuge before Ncsslerizing and 
matching it against the standard. 

A standard containing 0.3 mg. of nitrogen is generally employed. 
Transfer to a 100 cc. graduated flask 3 cc, of a standard ammonium 
sulfate solution made by dissolving 0.4716 gram of specially purified 
ammonium sulfate in 1 liter of ammonia-free distilled water. (See 
Note 2.) This solution contains 0.1 mg. of N per cubic ccnthnetcr. 
Next add 2 cc, of the diluted sulfuric-phosphoric acid reagent, dilute 
to about 60 cc., add 30 cc, of Nessler’s reagent, dilute to the mark, and 
thoroughly mix. The standard and sample solutions should be 
Nesslerized simultaneously. 

Calculalion.—The unknown or sample solution may be set at 20 
mm. Then the colorimeter reading multiplied by 0.3 and divided by 
20 gives the non-protein nitrogen in 1 cc. of blood, since 0.5 cc. (the 



450 


BLOOD ANALYSIS 


amount of blood represented in 5 cc. of the blood filtrate), Nesslerized 
at a volume of 50 cc., is equivalent to 1 cc. Nesslerized at a volume of 
100 cc. Dividing the reading by 20 and multiplying by 30 (0.3 times 
100) gives the non-protein nitrogen per 100 cc. of blood. 

To eliminate calculation, set the unknown at 30 mm. The colorim- 
eter reading of the standard equals the number of milligrams of non- 
protein N per 100 cc. of blood. 

Method B: Procedure of Koch and McMeekin^ 

Place 5 cc. of the l^lood filtrate in a large Pyrex test tube (25 mm. 
X200 mm.), add 1 cc. of sulfuric acid (1 : 1), evaporate off the water on 
a sand-bath or by heating gently over a free flame with shaking. 
Finally heat over a micro-burner till dense white fumes are given off, 
add 1 to 3 drops of 30 per cent hydrogen peroxide and again heat to 
boiling. Should the solution discolor, repeat the addition of hydrogen 
pero.xide and then boil gently for 5 minutes. Cool the solution, trans- 
fer it quantitatively to a 50 cc. volumetric flask with about 35 cc. of 
water, and then add with shaking 12 cc. of the modified Nessler-Folin 
reagent. Dilute to the mark and thoroughly mix. A test tube grad- 
uated at 35 cc. and 50 cc. may be used as in Method A. Prepare a 
standard solution containing 0.1 to 0.3 mg. of N by adding 1 cc. of 
1 : 1 sulfuric acid to a measured quantity of a standard ammonium 
sulfate solution diluted to 35 cc. and Nesslerized as directed above. 
After unknown and standard have stood 5 to 20 minutes, they are com- 
pared in a colorimeter. The calculation is the same as in Method A. 
If the hydrogen peroxide contains nitrogen, a correction for it must be 
made. 

Notes, 

1. McCrackan, Passamaneck and Harman ’ ° recommend distilla- 
tion with sodium hydroxide preliminary to Nesslcrization, and describe 
an apparatus for the process. (Fig. 68, p. 501.) 

2. Care must be taken to obtain a pure ammonium salt for the 
standard solution, since all ammonium salts contain pyridine bases. 

® J. Am. Chem. Soc., 46, 2066 (1924). Rose uses a stronger acid digestion mixture, con- 
taining perchloric acid [J. Biol. Chem., 64, 253 (1925)]. See also Mears and Hussey, 
J. Ind. Eng. Chem., 13, 1054 (1921); and Yoe, Ann. chim. anal. chim. appl. [2], 7, 193 
(1925). 

J. Lab. Clin. Med., 11, 678 (1926). 



DETERMINATION OF VKKX 


451 


The l 3 .tter titfcite like o-mnioiiui but they do not rcuct with Nesslcr s 
reagent. To prepare pure ammonium sulfate, decompose an ammo- 
nium salt of a high grade with sodium hydroxide and absorb the lib- 
erated ammonia gas in pure sulfuric acid. Add alcohol to precipitate 
the salt, filter, suck “ dry,” dissolve it in water, reprecipitate with 
alcohol, and again filter. Dry the salt in a desiccator over concen- 
trated sulfuric acid. Pyridine-free ammonium salts can now be 
obtained on the market. ^ ^ 

DETERMINATION OF UREA 

The urea is converted into ammonium carbonate liy means of the 
enzyme urease, in the presence of a phosphate buffer solution which 
also catalyzes the conversion. The ammonia may be distilled off, 
removed by aeration, or determined directly by Ncsslerization. The 
autoclave method is also given. 

Method A: Distillation Process of Folin and 

Reagents. 

1. Hydrochloric acid, 0.05 N (and 0.5 N for Method C). 

2. Bujfer Solution A. Dissolve 69 grams of monosodium phos- 
phate and 179 grams of crystallized disodium phosphate in about 800 
cc. of warm distilled water, dilute to a liter and mix. Bujjcr Solution 
J5.— Dissolve 14 grams of sodium pyro-phosphate, Na4P2O7*10H2O, 
in enough 0.5 N phosphoric acid to make 100 cc. Make the 0.5 N acid 
by diluting 20 cc. of 85 per cent jihosphoric acid to a liter and titrating 
5 cc. with standard alkali solution. Upon the basis of this titration 
dilute the acid to 0.5 N. 

3. Urease solution. Place about 3 grams of “ Permutit ” in a flask, 
wash it once with 2 per cent acetic acid and then twice with water. 
Add 5 grams of finely divided jack bean meal, 100 cc.'of 15 per cent 
alcohol, shake gently and continuously for about 15 minutes, pour 
on a large filter, and cover with a watch-glass. This solution may 
be kept about a week at room temperature or from 4 to 6 weeks in an 
ice box. 

4. Borax. Use a saturated solution. 

"C/. Hawk and Bcrgeim, Practical Physiological Chemistry, 9th ed., p. 715. P. 
Blakiston’s Son and Co., Philadelphia, 1926, 

Biol. Chem., 38, 81 (1919). 
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5. Paraffin oil. 

6. Sodium carbonate, 10 per cent; for Method B. 

7. Sodium hydroxide, 10 per cent; for Method C. 

Procedure. — Place 5 cc. of the tungstic acid blood filtrate in a 
large Pyrex test tube which has been thoroughly rinsed with nitric acid 
and then with water. Add 2 drops of the Buffer Solution A, 1 cc. of 
the urease solution, immerse the tube 
in warm water (40-55° C.) and leave 
it there for 5 minutes, or allow it to 
stand for 15 minutes at room tem- 
perature. 

A convenient way to obtain the 
ammonia formed from the urea is to 
distill, without a condenser, using a 
test tube graduated at 25 cc. and con- 
taining 2 cc. of 0.05 N hydrochloric 
acid as a receiver. Figure 55 shows a 
compact and convenient arrangement 
for this distillation. A groove may be 
cut in the side of the stopper of the re- 
ceiving tube to allow steam to escape. 
Watson andWhite’-'^ have usedamodi- 
ficationof theFolin andWuapparatus. 

Put a small dry pebble in the 
urease blood filtrate, add 1 or 2 drops 
of paraffin oil and 2 cc. of saturated 
borax solution, insert finnly the 
Kio. ss.-Folin and Wu Dislillaii.m rubber stopper carrying the delivery 
Apparatus [j. Biol. Chem., 38, 96 tube and receiver, and then boil 

(1919)1. A, at beginning; B, toward tj,e mixture fairly rapidly and at a 
end of distillation. .. e . . 

. uniform rate for 4 minutes. Never 

turn down the flame during a distillation, and regulate the rate of 
boiling so that the emission of steam from the receiver never begins 
before the end of 3 minutes. At the end of 4 minutes slip the receiver 
tube from the stopper and let it rest in a standing position while the 
distillation is continued for 1 minute. Rinse the lower end of the 
delivery tube, cool the distillate with running water, and dilute to 
about 20 cc. Place 0,3 mg. of N (3 cc. of standard ammonium sulfate 
J. Biol. Chem., 46, 465 (1921). 



determination of urea 


453 


solution— see p. 449) in a 100 cc. volumetric flask and dilute to about 
75 cc. Add 2.5 cc. of Nessler’s reagent to the sample solution and 10 
cc. to the standard. Dilute both solutions to the mark, thoroughly 
mix, and compare them in a colorimeter. 

Calculation —li the unknown is set at 20 mm., then the colorim- 
eter reading divided by 20 is multiplied by 15. This gives the urea 
nitrogen in milligrams per 100 cc. of blood. It should be noted that in 
the above procedure the sample representing 0.5 cc. of l)lood is Nessler- 
ized at 25 cc., whereas in the case of non-protein mtrogen it is Nessler- 
ized at 50 cc. Therefore, the same colorimeter reading represents 
only half as much nitrogen in the urea determination as in the non- 
protein nitrogen determination. 

By setting the unknown at 15, the colorimeter reading of the stand- 
ard gives directly the milligrams of urea N per 100 cc. of blood. 

Method B; Autoclave Process 

This method is convenient when a large number of determinations 
are to be made or when creatine determinations are also to be made. 

Transfer 5 cc. of the blood filtrate to a large Pyrex test tube, add 
1 cc. of 1 N hydrochloric acid, cover with tin foil and heat in an auto- 
clave at 150° C. for 10 minutes. Distill ofi the ammonia as directed 
above, except that 2 cc. of 10 per cent sodium carbonate must be used 
instead of the borax solution, on account of the hydrochloric acid 
added. 


Method C: Aeration Process 

Instead of distilling the ammonia fonned by the action of blood 
urea and urease or by heating under pressure, it may be driven into 
the receiver by passing a current of air through the solution after the 
addition of an alkali. This process gives perfectly reliable results, 
provided a good current of air is used. 

Add a little paraffin oil and 1 or 2 cc. of 10 per cent sodium hydrox- 
ide to the decomposed blood filtrate contained in a large test tube. 
C9nnect with a smaller test tube (marked at 25 cc.) containing 2 cc. 
of 0.5 N hydrochloric acid. The connection is made as illustrated 
in Fig. 72 on page 512. Pass the air through slowly for 1 minute and 
then for 10 to 15 minutes almost as rapidly as the apparatus will per- 
mit. Rinse the connecting tube, dilute the contents of the receiver to 
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about 20 cc., add 2.5 cc. of Ncsslcr’s reagent, dilute to the 25 cc. mark, 
mix, and compare the color against a standard in the usual manner. 


Method D: Karr’s^* Direct Nesslerization of the Folin-Wu 
Filtrate 


To 5 cc. of the Folin-Wu blood filtrate in a test tube add 1 drop 
of Buffer Solution B and either a strip of urease paper (see Note 3) 
or 5 drops of urease solution (prepared as directed in Note 4). 

Treat similarly in another tube 5 cc. of a standard urea solution 
(see Note 5), prepared by diluting 5 cc. of a stock solution (containing 

0.1286 gram urea in 200 cc.) to 100 cc. with water (5 cc. = 0.075 mg. N). 
Place the tubes in a water-bath at 50“^ C. for 15 minutes. Then trans- 
fer the contents of the tubes, with rinsing, to test tubes (or ordinary 
25 cc. graduated cylinders) graduated at 22.5 and 25 cc. Dilute 
each tube to the 22.5 cc. mark and add Nessler’s reagent to the 25 cc. 
mark. Mix and in about 1 minute make the colorimeter reading. 

Calculation . — By setting the unknown at 15 mm., the reading of 
the standard gives directly the urea N per 100 cc. of blood. In case 
less than 5 cc. of filtrate (0.5 cc. blood) was used, make the necessary 
correction. 


Reading of standard „ 100 ,,, , 

- X 0.075 X — = mg. urea N per 100 cc. of blood. 

Reading of unknown 0 . 5 


Notes, 

1. Blood filtrates high in urea nitrogen (35 mg., or over, per 100 cc.) 
give a turbid solution upon Nesslerization. In such cases, repeat the 
determination, using a smaller amount of filtrate. 

2. If a large number of determinations are made daily, it is advis- 
able to use an artificial permanent standard (see original paper) which 
is checked daily against a standard urea solution. 

3. Urease paper may be prepared according to Folin’s directions as 
fellows: Shake 15 grams of jack bean meal with 5 grams of “Permutit” 
in 100 cc. of 15 per cent alcohol for 15 minutes on a mechanical shaker 
or a half hour by hand. Filter through a fluted filter paper (best in an 
ice box overnight), pour the filtrate in an open dish and draw pieces 

Karr, J. Lab. Clin. Med., 0, 3 (1924). Roe and Irish, ibid., 11, 1087 (1926), remove 
traces of protein by adsorption on tricalcium phosphate and thus minimize the turbidity. 
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of heavy filter paper (ammonia-free) through it. Hang the pieces of 
paper up to dry and when dry cut them into strips about 25 mm. by 
40 mm. 

4. The urease solution used in Alcthod J) is prepared as directed 
for urease paper in the preceding note. The solution is not as stable 
as the urease paper. It should be made up fresh about every 2 weeks 
and should be kept on ice. Enzyme paper is preferable if determina- 
tions are made only occasionally. 

5. Since mercury has a “ poisoning ” action on urease, separate 
tubes must be used for Nesslerization. In case of doubt, the tubes 
should be cleaned with strong nitric acid before use. 


Method E: Myers’ Direct Aeration Method 


Reagents. 


1. Hydrochloric acid, 10 per cent. 

2. Sodium carbonate. Use a saturated solution. 

3. Caprylic alcohol. 

4. Urease reagent. Solid urease may be obtained from soy bean 
meal according to the method of Van Slyke and Cullen, or may be 
purchased in powder or tablet form from Hynson, W estcott, and Dun- 
ning, Baltimore, Md,, and the Arlington Chemical Co., Yonkers, N. Y. 

To prepare the urease reagent, dissolve 2 grams of the enzyme 
preparation, 0.6 gram of dipotassium hydrogen phosphate, and 0.4 
gram of monopotassium clihydrogen phosphate in 10 cc. of water. 
Cover the slightly opalescent solution with toluene. I he reagent 
may be kept 2 weeks without losing its activity. 

5. Standard ammonium sulfate solution. Dissolve 0.944 gram of 

ammonium sulfate (pyridine-free) in ammonia-free water, dilute to a 
liter, and thoroughly mix. Five cubic centimeters of this solution 
contain 1 mg. of N. Sec Note 2, p. 450. • 

Procedure.— The set-up of the apparatus is as illustrated in Fig. 
56. Add 1 cc. of the urease reagent to a lipless test tube which just 
fits into a 100 cc. ungraduated cylinder. Then add 2 cc. of the oxa- 
lated blood and heat the tube for 15 minutes at 50 C. 


V. C. Myers, Practical Chemical Analysis of the Blood, 2d eT, C. V Mosby Co., 
St. Louis, 1924. This method is based on those of Folin and Penis, J. Biol. Chern., 11, 
527 (1912); Marshall, ibid., 15, 487 (1913); and Van Slyke and Cullen, tbtd., 19, 211 
(1914). 

Biol. Chem., 19, 211 (1914), 
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Add 15 cc. of distilled water and 2 or 3 drops of 10 per cent hydro- 
chloric acid to a 100 cc. lipless graduated cylinder, stopper with a two- 
holed stopper carrying a glass tube which extends almost to the bottom 
of the cylinder. Place the test tube containing the digestion mixture 
in the ungraduated cylinder and connect the two cylinders. Add 5 
drops of caprylic alcohol and 4 or 5 cc. of saturated sodium carbonate 
solution to the tube containing the blood digest, and stopper quickly. 
The cylinder containing the digested mixture is connected with a wash 
bottle two-thirds full of dilute sulfuric acid. The latter will remove 
ammonia from the incoming air. Connect the outlet tube of the grad- 
uated cylinder to a suction pump and draw air slowly through the 
apparatus, increasing the speed so that at the end of about 2 minutes 



Fig. 56.--Myer8’ Aeration Apparatus (Myers, Practical Chemical Analysis of the Blood, 
2d., p. 44. C. V. Mosby Co., St. Louis, 1924). 


the maximum rate permissible has been reached. Continue the aera- 
tion for 30 minutes and then disconnect the apparatus. 

To a 100 cc. volumetric flask add 5 cc. of the standard ammonium 
sulfate solution, 50 to 60 cc. of ammonia-free water, 20 cc. of Nessler’s 
solution (see p. 447), dilute to the mark with ammonia-free water and 
mix thoroughly. At the same time add 7 or 8 cc. of Nessler’s solution 
to the unknown, dilute to the 25 cc. mark, and mix thoroughly. Com- 
pare the two solutions in a colorimeter. 

In case the urea nitrogen is high, use more of Nessler’s solution and 
• dilute till the color approximates that of the standard. 


Calculation. 


Reading of standard 100 25 

2 X 1 X X 

Reading of unknown 2 100 


= mg. urea N per 100 cc. of 
blood. 
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If the unknown is set at 12.5 mm., the reading of the standard 
gives directly the number of milligrams of urea nitrogen per 100 cc. of 
blood. 

Note that for high concentrations the dilution factor ( — | must 

VlOO/ 

be corrected accordingly and the whole equation employed in the cal- 
culation. 


DETERMINATION OF PRE-FORMED CREATININE 

The method is based upon the deep red color produced when 
creatinine solutions are treated with picric acid in alkaline solution. 
This reaction ' ^ is known as the JalTe reaction, and is due to the forma- 
tion of a red tautomer of creatinine picrate.' ^ 'Phe production of this 
tautomer “ is dependent upon the formation of a salt, a keto-enol 
change within the creatinine molecule, and a change in the picric acid 
molecule involving the hydrogens in the 7ncla positions and, probably, 
all three nitro-groups.” 

Reagents. 

1. Picric acid. Use a siiturated solution made with purified picric 
acid. Distilled water may be allowed to stand in contact with picric 
acid, or a 1.2 per cent solution may be made. 

Picric acid may be purified by one of the following methods: 

(a) Method of Halverson and Bcrgeim.'^^ — Add 700 cc. of distilled 
water to 50 grams of picric acid and boil until a clear solution is ob- 
tained. While the solution is boiling, add 10 cc. of concentrated 
hydrochloric acid. Cool, wash the crystals by decantation with 100 
cc. of distilled water, and repeat the crystallization. P inally transfer 
the crystals to a Buchner funnel, wash them with about 150 cc. of 
water, and dry in a desiccator or between filter papers. • 

(5) Method of Folin and Daisy— VhcQ in a beaker of at least 4 
liters capacity about a pound of dry picric acid (or about 600 grams of 
the wet acid), add boiling water until the beaker is nearly full and then 
add 200 cc. of saturated (50 per cent) sodium hydroxide solution. 

” M. Jaff6, Z. physiol. Chem., 10, 391 (1886). 

I. Greenwald and J. Gross, J. Biol. Chem., 59, 601 (1924). 

^®I. Greenwald, J. Am. Chem. Soc., 47, 1448 (1925). 

P. B. Hawk, and 0. Bergeim, Practical Physiological Chemistry, 9th ed., p. 890. 
P. Blakiston’s Son and Co., Philadelphia, 1926. 
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Thoroughly stir the mixture, and, if necessary, heat it until the picric 
acid completely dissolves, giving a deep red solution of sodium picrate. 
Add to the hot solution 200 grams of sodium chloride, slowly and with 
stirring. Place the vessel in cold running water and cool the solution 
to about 30° C. Filter on a large Buchner funnel, wash several times 
with small volumes of 5 per cent sodium chloride solution, transfer 
the picrate to a large beaker, add boiling water until the beaker is 
almost full and stir till solution is complete. Add, with stirring, 50 cc. 
of 10 per cent sodium hydroxide solution, and then 100 grams of sodium 
chloride. Cool, iilter, and wash with sodium chloride solution as 
before. Once more repeat the solution and precipitation of the sodium 
picrate, but wash this time with distilled water instead of sodium 
chloride solution. 

The purified picrate is then dissolved in several liters of boiling 
distilled water and the hot solution filtered on a large folded filter, the 
filtrate being collected in a large flask. Dilute 100 cc. of concentrated 
sulfuric acid with 200 cc. of water and add the diluted acid to the hot 
hltratc. Picric acid begins to precipitate at once. Cover the mouth 
of the flask with an inverted beaker and cool the mixture under the 
water tap to about 30° C. Filter with suction as before and wash with 
small volumes of distilled water till free from sulfuric acid. Dry the 
crystals in a desiccator or between filter papers. 

(c) Benedicl^s Method . — Place about 400 grams of moist, “ tech- 
nical ” grade picric acid in a 2-litcr Pyrex flask and add 1 liter of pure 
benzene. Heat on an electric hot-plate, with shaking now and then, 
until the acid dissolves, leaving a residue of impurities and water which 
settles quickly to the bottom when the flask is removed from the hot- 
plate. Decant the hot solution through a large fluted filter which has 
been “ moistened ” with benzene, care being taken to transfer as little 
of the sediment as possible on to the filter. A hot-water funnel is 
convenient for this filtration but is not necessary. If used, be sure 
to turn out the flame just prior to filtering, since the benzene picric 
acid solution is highly inflammable. 

The filtrate should be received in a 2-liter beaker. Cover with a 
large watch-glass and heat on an electric hot-plate to redissolve the 
picric acid which has begun to crystallize. Remove the beaker from 
the hot-plate and let stand for several hours (better overnight). The 
picric acid crystallizes on the bottom and sides of the beaker and may 
be drained free of the excess of benzene without need of filtering. 
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Wash the crystals twice by decantation, using about 75 cc. of benzene 
for each washing, and finally drain them for about 30 minutes. Remove 
the last trace of benzene by drying in an air-bath at about 80° for sev- 
eral hours. Powder the crystals by gentle rubbing in a mortar and 
keep the product in a dark-brown glass stoppered-bottle. To recover 
* the benzene, distill (preferably in vaaw) from a water-bath. 

2. Sodium hydroxide, 10 per cent. 

3. Standard creatinine solution. Dissolve 0.100 gram of pure 
creatinine in 100 cc. of 0.1 N hydrochloric acid and mix thoroughly. 
Transfer 3 cc. of this solution to a 500 cc. volumetric flask, add 50 cc. 
0.1 N hydrochloric acid, dilute to the mark with water, and mix thor- 
oughly. Pour the solution into a bottle, add 4 or 5 drops of toluene 
or xylene and stopper. Five cubic centimeters of this solution (0.03 
mg. of creatinine) are diluted with 1 5 cc. of water and mixed thoroughly. 
This gives the standard usually needed for human blood, for it covers 
the range of 1 to 2 mg. per 100 cc. In the case of bloods with high 
creatinine content, it is best to use smaller volumes of blood filtrate 
and dilute with water to the usual 10 cc., taking this into considera- 
tion in making the calculation below. 

4. Standard creatinine zinc chloride. A better standard can be 
prepared from creatinine zinc chloride than from creatinine. Pure 
creatinine zinc chloride may be prepared as follows according to the 
method of Edgar : Commercial creatine is ground in a mortar with 
an equal weight of anhydrous zinc chloride. The mixture is then 
placed in a beaker, dish, or casserole, and is heated over a small flame 
or sand-bath, with constant stirring. As the temperature is raised 
the mixture begins to melt, and around 120-130° C. (depending some- 
what on the rate of heating and the moisture which may have been 
absorbed) becomes a viscous mass from which bubbles of water vapor 
are given off. Within a few minutes the mass suddenly solidifies to a 
perfectly dry residue consisting of creatinine zinc chloride (containing, 
of course, the excess zinc chloride). The whole reaction is complete 
within about 5 minutes after beginning to raise the temperature. If 
crude creatinine zinc chloride is desired, it is only necessary to leach 
the mass with a little cold water or aqueous alcohol to dissolve out the 
excess zinc chloride. If a pure product is desired the residue may be 
dissolved directly (following Folin) in about ten times its weight of 
boiling 25 per cent acetic acid, and 2 volumes of alcohol are added to 

Biol. Chem., 66, 1 (1923). 
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the mixture. On cooling, crystalline creatinine zinc chloride separates 
in practically quantitative yield (based on the original creatine), and 
of a purity comparable with the best product obtained by repeated 
crystallization. 

To prepare a standard solution, dissolve 1.602 grams of the pure 
creatinine zinc chloride in 0.1 N HCl, dilute to a liter with 0.1 N HCl 
and mix thoroughly. One cubic centimeter of this solution contains 
1 mg. of creatinine. 

Aqueous solutions of creatinine zinc chloride, like pure creatinine 
solutions, slowly change in concentration owing to partial creatine 
formation, but this can be readily overcome by adding acid to the solu^ 
tion or by using 0.1 N HCl instead of water. 

Procedure. — Make up a fresh alkaline picrate solution by adding 
5 cc. of 10 per cent sodium hydroxide to 25 cc. of a saturated solution 
of pure picric acid and mixing. Place 10 cc. of the blood filtrate in a 
small flask. In another flask place 5 cc. of the standard creatinine 
solution and dilute to 20 cc. Then add 5 cc. of the freshly prepared 
alkaline picrate solution to the blood filtrate, and 10 cc. to the diluted 
creatinine solution. After standing 8 to 10 minutes, compare the solu- 
tions in a colorimeter. Be sure that the two fields of the colorimeter 
are equal when both cups contain the standard creatinine picrate 
solution and are at the same height. The color matching should be 
completed within 15 minutes after adding the alkaline picrate 
solution. 


Calculation. 


Reading of standard 
Reading of unknown 


X 1.5 = mg. creatinine in 100 cc. of blood. 


It should be noted that the standard is diluted to twice the volume 
of the unknown, so that each 5 cc. of the standard (containing 0.03 
mg. of creatinine) corresponds to 0.015 mg. in the blood filtrate. 

By setting the unknown at 30 mm., the reading of the standard 
divided by 20 or multiplied by 0.05 gives the number of milligrams of 
creatinine in 100 cc. of blood. 
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When creatine is heated with acid it is converted into creatinine 


by dehydration. 


.NH2 

C=NH 
\ /CHs 
N< 

^CHa-COOII 


.NH 

C^NH 
\ /Clh 

VH2CO 


+ H2O 


By determining the creatinine content before and after the acid treat- 
ment, the amount of creatine originally present can be calculated. 


Reagents. 

1. Hydrochloric acid, IN. 

2. Alkaline picrate. Prepare as needed according to directions 
given in the preceding determination. 

3. Standard creatinine solution. Prepare as directed in the pre- 
ceding determination. 

Procedure.— To 5 cc. of blood filtrate in a test tube graduated at 
25 cc., add 1 cc. of 1 N hydrochloric acid, cover with tin foil and 
heat in an autoclave at 155° C. for 10 minutes, or at 130° C. for 20 
minutes. Cool, add 5 cc. of alkaline picrate solution, let stand 8 to 10 
minutes, dilute to 25 cc., and mix. To prepare a standard comparison 
solution, add 2 cc. of 1 N hydrochloric acid and 10 cc. of alkaline picrate 
solution to 10 cc. of standard creatinine solution contained in a 50 cc. 
volumetric flask, let stand 10 minutes, dilute to 50 cc., and mux thor- 
oughly. The standard solution must be ready for use as soon as the 

unknown is ready. 


Calculation. 


Reading of standard 
Reading of unknown 
“ Total creatinine ” 
creatinine. 


[ “ Total creatinine ” in mg. per 100 cc. 
^ ^ ~ I of blood. 

- Prefonned creatinine = creatine in terms of 


One gram of creatinine = 1.159 grams of creatine. 
One gram of creatine ^ 0.8626 gram of creatinine. 
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DETERMINATION OP URIC ACID BY DIRECT COLORIMETRIC METHODS 

The methods are based upon the blue color obtained when, uric 
acid solutions are treated with an arseno-phosphotungstic acid reagent 
and sodium cyanide. 22 The reaction is more specific for uric acid 
than either arsenic, tungstic, or phosphoric-tungstic acid alone and 
the intensity of the color is much greater (nearly seven times) than 
that obtained with the old phosphoric acid reagent. Moreover, 
the new reagent is scarcely affected by a typical polyphenol such as 
resorcinol in the presence of uric acid. 

Method A (Benedict) 

Reagents. 

1. Sodium cyanide, 5 per cent. (Poison!) Dissolve 50 grams of 
sodium cyanide in water containing 2 cc. of ammonia, sp. gr. 0.90, 
and dilute to a liter. Make up a fresh solution about every 2 months. 

2. Uric acid reagent. Dissolve 100 grams of pure sodium tung- 
state in about 600 cc. of water, add 50 grams of pure arsenic pentoxidc, 
25 cc. of 85 per cent phosphoric acid, 20 cc. of concentrated hydro- 
chloric acid, boil the mixture for about 20 minutes, cool, dilute to a 
liter, and mix. The reagent apparently keeps indefinitely. 

3. Standard uric acid solutions. Prepare a stock solution as 
follows: Nine grams of pure crystallized disodium hydrogen phosphate 
and 1 gram of pure crystallized sodium dihydrogcn phosphate are 
dissolved in about 250 cc. of hot water. Filter the solution if it is not 
clear. Dilute with hot water and pour the clear hot solution into a 
liter volumetric .flask containing 200 mg. of pure uric acid suspended 
in a few cubic centimeters of water. Shake for a few minutes until 
the acid dissolves, cool, add exactly 1.4 cc. of glacial acetic acid, dilute 
to the mark, and mix thoroughly. This solution contains 0.2 mg. of 
uric acid per cubic centimeter. Four or 5 cc. of chloroform are added 
to prevent the growth of bacteria or molds. Unless kept in an exces- 
sively warm room, the solution should keep about 2 months. 

Preparation of a Dilute Standard. — Transfer 10 cc. of the above 
stock solution to a 500 cc. volumetric flask containing 200 to 300 cc. 

«S. R. Benedict, J. Biol. Chem., 51 , 187 (1922); 54, 233 (1922); 64, 215 (1925); 
S. R. Benedict and E. Franke, t6td., 52 , 387 (1922); 0. Folin, ibid., 54, 153 (1922); 0. 
Folin, Laboratory Manual of Biological Chemistry, 4th ed., p. 247. D. Appleton and Co., 
New York, 1926, 
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of distilled water, add 25 cc. of dilute HCl (1 : 10), dilute to the mark, 
and thoroughly mix. This solution contains 0.02 mg. of uric acid in 
5 cc. Prepare the solution fresh every 2 weeks. 

Procedure— Transfer to a test tube (18 to 20 mm. diam.) 5 cc, of 
blood filtrate and add 5 cc. of water. Five cubic centimeters of 
standard uric acid solution (0.02 mg. uric acid per 5 cc.) are likewise 
diluted to lOt cc. Add to both unknown and standard 4 cc. of the 
ammoniacal 5 per cent scxlium cyanide solution (poison!) and then 1 cc. 
of the uric acid reagent. Mix at once the contents of each tube by one 
inversion and place them in boiling water. (See Note.) After heat- 
ing for 3 minutes, place the tubes in a large beaker of cold water for 
3 minutes and then compare them in a colorimeter (preferably within 
5 minutes after removing from the cold water). 

In case the solutions show a clouding (usually caused by too much 
oxalate), repeat the test, adding another 5 cc. of water to both the 
standard and unknown just before heating them. 

Calculation . — Using a standard containing 0.02 mg. of uric acid 
and 5 cc. of 1 : 10 blood filtrate, the calculation is made as follows: 

Reading of standard ^ . . , . , 1 1 i 

— - - - — - X 4 = mg. uric acid in 100 cc. of blood. 

Reading of unknown 

If the unknown is set at 20 mm., then multiplying the reading of 
the standard by 0.2 gives the final result. 

Note.—Brown allows the solution to stand for 20 minutes at 
room temperature instead of heating. Twice the amount of filtrate is 
used. He obtains lower values than those by the above procedure. 

Method B (Folin) 

Reagents. 

1. Sodium cyanide, 15 per cent. Dissolve 150 grams of a good 
grade of sodium cyanide (poison!) in 700 to 800 cc. of 0.1 N NaOH 
solution and dilute to a liter with 0.1 N NaOH. Let stand 1 or 2 days 
before using. Prepare fresh once a month, 

2. Uric acid reagent. The reagent described on page 462 is satis- 
factory for ordinary clinical analysis. For the highest accuracy pre- 

** J. Biol. Chem., 68, 123 (1926). 
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pare the reagent as follows: Put 100 grams of sodium tungstate, 
Na 2 W 04 - 21120 , and 160 cc. of water in a 500 cc. flask. Add 50 cc. of 
85 per cent phosphoric acid, little by little, and with cooling under the 
water tap. Then connect the flask with a gas wash bottle half filled 
with water and attached to a II 2 S generator. The flask should be 
stoppered with a two-hole rubber stopper carrying an inlet tube extend- 
ing to the bottom of the flask and an outlet tube which can be opened 
or closed with a pinchcock. Carefully displace the air in the flask 
with H 2 S. Then close pinchcock and bubble II 2 S slowly into the 
solution. Leave the set-up overnight. The solution takes on a deep 
blue color. The next morning disconnect the apparatus and filter 
the solution into a 500 cc. flask. Let the precipitate drain but do not 
wash it. Insert a 10 cm. funnel and place in it a 200 cc. flask filled 
with cold water. This serves as a condenser. Boil the solution gently 
over a micro-burner for 1 hour and filter the hot solution to remove the 
small quantity of molybdenum sulfide which separates out during 
boiling. Wash the precipitate with small volumes of water until most 
of the blue color has been removed from the filter paper. Heat the 
filtrate to boiling, remove the flame and decolorize by adding bromine 
(only 2 to 3 drops at a time) and shaking vigorously. As soon as an 
excess of bromine has been added the solution takes on a clear light 
yellow color. Remove the excess of bromine by boiling gently for 
10 minutes; then allow the solution to cool. 

Place 25 grams of lithium carbonate in a liter beaker, add 50 eg. 
of 85 per cent phosphoric acid, and 200 cc. of water, boil off the carbon 
dioxide, and cool. Mix this solution with the one above and dilute 
to a liter. This reagent should give only a very faint bluish tint with 
0.2 mg. of resorcinol. 

When uric acid in silver precipitates from human urine is to be 
detennined, or when clinical determinations on human blood arc to be 
made, the removal of molybdenum may not be necessary, since uric 
acid gives a much stronger color than phenols. The presence of a 
large trace of molybdenum may cause errors up to 1 mg. per 100 cc. of 
blood. 

3. Stock solution of uric acid. Accurately weigh on a watch-glass 
1 gram of uric acid and transfer it to a small dry funnel inserted in a 
liter volumetric flask and shake the uric acid into the flask as well as 
possible. Dissolve 0.6 gram of lithium carbonate in about 120 cc. of 
hot water, filter, dilute with about 60 cc. of water, and heat tc 65° C. 



DETERMINATION OF URIC ACID 


465 


Warm the liter flask in hot water and add the hot lithium carbonate 
solution, rinsing the watch-glass and funnel free of the last trace of 
uric acid. Shake the flask until the uric acid has dissolved, cool, 
dilute to about 800 cc., add 10 cc. of dear 37 to 40 per cent formalde- 
hyde (Merck) and nix. Dilute 15 cc. of sulfuric acid, s\>. gr. 1.84, 
with about 100 cc. of water, cool, add to the urate-formalin solution, 
dilute to a liter, and mix thoroughly. This solution will keep for at 
least several months. 

4. Standard uric acid solution (5 cc, = 0.02 mg.). Transfer by 
means of an accurate Ostwald pipette 1 cc. of the above stock solution 
to a 250 cc. volumetric flask containing about 150 cc. of distilled water. 
Add 10 cc. of 2/3 N H2SO4, dilute to 250 cc., and mix thoroughly. 
This solution will keep at least a week. Five cubic centimeters of it 
contain 0.02 mg. of uric acid. 

Procedure. — Add 5 cc. of blood filtrate to a test tube graduated 
at 25 cc., and 5 cc. of the standard uric acid (0.02 mg. uric acid) to a 
similar tube. Add from a burette 2 cc. of the alkaline sodium cyanide 
solution to each tube and 2 cc. of water. Mix well, and add 1 cc. of 
uric acid reagent to each tube, dropping it from a burette directly into 
the solution (not down the sides of the tubes). Let the solutions stand 
for 2 minutes at room temperature and then put them in a boiling 
water-bath (a large beaker about two-thirds full of boiling water) for 
2 minutes, but not longer. Cool at once, dilute to the 25 cc. mark, 
mix, and compare in a colorimeter. 

Calculation. 

Reading of standard , ... mi 

X 4 = mg. uric acid per 100 cc. of blood. 

Reading of unknown 

If the unknown is set at 20 mm., then multiplying the reading of the 
standard by 0.2 gives the result. Should the standard reading be 
greater than 40, repeat the determination, using 3 cc. of filtrate and 
2 cc. of water. If the reading is less than 10, use 10 cc. of filtrate and 
5 cc. of standard with 5 cc. of water. 

Notes. 

1. Direct determinations on blood filtrates have been criticized 
as giving too high values. This is said to be due to the presence of 
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thiasine (a sulfur-containing substance) which gives, a color reaction 
similar to the one produced by uric acid.^^ 

2. The removal of traces of molybdenum^® from the uric acid 
reagent increases its specificity. 

Method C (Folin’s Isolation Method) ^6 

Since certain other substances present in blood filtrate and urine 
may produce a blue color with phosphotungstic reagent similar to 
that produced by uric acid, it is sometimes desirable to separate the 
uric acid from the interfering substances. This is accomplished by 
precipitating the uric acid as silver urate. The silver urate is then 
treated with sodium chloride in hydrochloric acid solution. The uric- 
acid thus set free is determined colorimetrically. This procedure 
gives more accurate results than the preceding ones. 


1. Sodium chloride, 10 per cent in 0.1 N HCl. 

2. Silver lactate. Dissolve 100 grams of silver lactate in 700 cc. 
of warm water. Add 100 cc. of 10 per cent sodium hydroxide to 1 00 cc. 
of 85 per cent lactic acid and pour the resulting solution into the silver 
lactate solution. Dilute to a liter and allow to stand till the sediment 
settles. Decant and use the clear solution. 

For other reagents sec Method B (Folin). 

Procedure.— Place 5 cc. of the blood filtrate in a centrifuge tube, 
add 7 cc. of the silver lactate solution (without stirring), let settle for 
1 to 2 minutes and centrifuge. The precipitate contains all of the uric 
acid. Decant the clear liquid as completely as possible, add 1 cc. of 
the NaCl-HCl solution, stir thoroughly with a small glass rod; add 4 cc. 
of water, again stir, and then centrifuge, 

Pour off the supernatant solution as completely as possible into a 
test tube graduated at 25 cc. Measure 5 cc. of the standard uric acid 
solution into a similar test tube and complete the procedure as directed 
in Method B. 

Calculation . — Same as in Method B. 

Bulmer, Eagles, and Hunter, J. Biol. Chem., 63, 17 (1925); Benedict, ibid., 64, 215 
(1925) ; Benedict, Newton, and Behre, ibid., 67, 267 (1926) ; Benedict, Newton, and Dakin, 
Science, 64, 602 (1926), give the structural formula of thiasine. 

Folin and Trimble, J. Biol. Chem., 60, 473 (1924). 

” Folin, J. Biol. Chem., 64, 153 (1922); Folin and Wu, ibid., 38, 459 (1919), 
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DETERMINATION OF AMINO-ACID NITROGEN” 

The method is based upon the color reaction between amino-acids 
and ^-naphthaquinone-sulfonic acid. This reaction takes place very 
slowly in neutral solutions. The stronger the alkalinity, up to a cer- 
tain point, the more rapidly the color develops. The different amino- 
acids do not show the same acceleration, however, to definite increases 
in alkalinity, and the chromophoric reagent (the quinone) is more 
rapidly destroyed when the alkalinity is increased, giving rise to 
deep-colored decomposition products. The proper degree of alka- 
linity, therefore, must be carefully maintained. 

In solution ^-naphthaquinone-sulfonic acid gradually decomposes 
and the solution becomes darker in the course of a few hours, particu- 
larly if it is not kept in the dark. On this account only freshly pre- 
pared solutions should be used. 

The sodium acetate in the acetic acid-acetate solution serves two 
purposes: (1) it increases the color of the quinone-amino-acid deriva- 
tive and (2) retards very much the onset of turbidity due to the libera- 
tion of sulfur from the added sodium thiosulfate. Both of these results 
are due to the repressed hydrogen-ion concentration of the acetic acid 
caused by the added excess of acetate ions. 

The purpose of the sodium thiosulfate solution is to destroy the 
surplus quinone remaining after the full color obtainable from the 
amino-acids has developed. It destroys the surplus color of the qui- 
none and under the conditions of the procedure has no effect on the 
colored quinone-amino-acid derivative, at least during the first hour or 
two. Nor do the colored solutions become turbid, within the first 
2-hour period, because of liberated sulfur. 

Reagents. 

1. Acetic acid-acetate solution. Mix 50 cc. of 50 per cent acetic 
acid with an equal volume of 5 per cent sodium acetate solution. 

2. Sodium thiosulfate, 4 per cent. 

3. Sodium carbonate. Dilute 50 cc. of an approximately sat- 
urated solution to 500 cc. Titrate this solution against 20 cc. of 0.1 N 
hydrochloric acid, using methyl red as an indicator. Dilute the 
solution so that 8.5 cc. of it arc equivalent to 20 cc. of 0.1 N acid. 
This gives a carbonate solution of about 1 per cent strength. 

”0. Folin, J. Biol. Chem. 61, 377 (1922). 
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4. Amino-acid reagent. Use a freshly prepared 0.5 per cent solu- 
tion of the sodium salt of j^-naphthaquinone-sulphonic acid. For a 
method of preparing the quinone, see the original paper. 

5. Standard amino-acid solution. Prepare' a solution containing 
0.07 mg. of nitrogen per cubic centimeter. Glycine, tyrosine, leucine, 
or phenylalanine may be used. Glycine may be purified, if necessary, 
by recrystallizing it from its water solution by adding 0.5 to 1 volume of 
alcohol. Make up the amino-acid standard in 0.1 N HCl containing 
0.2 per cent sodium benzoate. 

Procedure.— Transfer 10 cc. of the blood filtrate to a test tube 
graduated at 25 cc. To a similar tube add 1 cc. of the standard 
amino-acid solution and 8 cc. of water. Add a drop of phenolphtha- 
Jein solution to each tube. Next add 1 cc. of the sodium carbonate 
solution to the standard, and then to the blood filtrate, drop by drop, 
until enough of the carbonate has been added (usually 6 to 8 drops) to 
give the same pink color as that in the standard. Then add to both 
standard and unknown 2 cc. of freshly prepared amino-acid reagent, 
mix, and let the solutions stand overnight in a dark place. The fol- 
lowing day add to each tube 2 cc. of the acetic acid-acetate solution 
and 2 cc. of 4 per cent sodium thiosulfate solution. This decolorizes 
the excess of reagent. Dilute both solutions to the 25 cc. mark, mix 
well, and compare their colors in a colorimeter. 

Calculation. 

Reading of standard ^ ^ | mg. of amino-acid nitrogen per 100 cc. 

Reading of unknown [ of blood. 
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BLOOD ANALYSIS-Continued 

SUGAR, CHOLESTEROL, LIPOID PHOSPHORUS (LECITHIN), BILE PIG- 
MENT, BHE SALTS, PROTEINS, PHENOLS, HEMOGLOBIN, IRON, 

HYDROGEN ION, ETC. 

DETERMINATION OF SUGAR BY FOLIN’S MODIFICATION OF THE 
FOLIN-WU METHOD » 

The protein-free blood filtrate is heated with an alkaline copper 
solution in a special tube to jircvent atmospheric rcoxidation of the 
cuprous oxide formed by the reducing action of the sugar. The 
cuprous oxide thus formed is treated with a phosphomolybdic acid 
reagent and the resulting intense blue-colored solution is compared 
with a standard. The phosphomolybdic acid reagent contains 
sodium tungstate because there is sodium tungstate in the Folin-Wu 
blood filtrates, and tungstates modify somewhat the shade of blue 
obtained in the reaction. 

This modified method employs more carefully adjusted reagents 
than the original Folin-Wu method and gives normal values for blood 
glucose which are lower and probably more nearly accurate. 

Reagents. 

1. Alkaline copper tartrate solution. Dissolve the following in 
about 700 cc. of distilled water: 12 grams of Merck’s sodium tartrate 
(or IS grams of Rochelle salt), 7 grams of anhydrous sodium carbonate 
and 20 grams of sodium bicarbonate. Pour the solution into a liter 
volumetric flask and add to it 200 cc. of water containing 5 grams of 
copper sulfate. Dilute to the mark and thoroughly mix. 

2. Acid molybdate reagent. Dissolve 150 grams of sodium molyb- 
date, Na2Mo04-2H20, in 300 cc. of distilled water. Filter the solu- 
tion through a quantitative filter paper, allowing the filtrate to run 
into a liter volumetric flask, and finally wash the filter with 75 cc. of 

^ Folin, J. Biol. Cbem., 67, 357 (1926); Folia and Wu, ibid,, 41, 367 (1920). 
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25c.r, 


water. Add 2 or 3 drops of bromine to the solution, shake till the 
bromine has dissolved, and let stand for an hour to insure complete 
oxidation by the hypobromite. Next add, with shaking, 225 cc. of 
85 per cent phosphoric acid. The excess bromine is liberated and 
colors the solution yellow. Then add 150 cc. of a solution of sulfuric 
acid prepared by adding 1 volume of the concenitrated acid to 3 vol- 
umes of water and cooling. Aerate for about half an hour to remove 
the excess bromine, add 75 cc. of 99 per cent acetic acid, dilute to a liter 
and mix. 

3. Stock solution of glucose. Use a 1.0 per cent glucoke solution 

made up in saturated benzoic acid. Dilute 

standards are made with water, and a few 
drops of toluene or formalin are added as a 
preservative. ’ 

Procedure. — In this procedure the blood 
filtrate must be about neutral. Ten cubic 
centimeters of the filtrate should require about 
0.2 cc. of 0.1 NaOH for neutralization. In 
case the filtrate is not neutral, add a drop of 
phenolphthalein to 2 cc. of it and then add 
0.1 N NaOH, drop by drop, till the pink end- 
V ) point is obtained. The same number of drops 

y 1 I of 0.1 N NaOH are then added to the sugar 

tubes before adding the blood filtrates. If 
the laboratory conditions are kept constant, 
the required number of drops of 0.1 N NaOH 
may be added to the sugar tubes at once, 
thus avoiding the necessity of repeating 
the preliminary titration. Add 2 cc. of the 
neutral or nearly neutral blood filtrate to a 
Folin and Wu sugar tube (see Fig. 57), and 
to another add 2 cc. of standard glucose solution. Next add 2 cc. of 
the alkaline copper tartrate solution to each tube, heat for 10 minutes 
in a boiling water-bath, cool, and add 2 cc. of the acid molybdate 
reagent to each tube. As soon as the carbon dioxide apparently 
ceases to escape (about 1 minute), dilute the solutions to 25 cc., mix, 
and compare their colors. 

Calculation . — If a 0.2 mg. glucose standard is used the calculation 
becomes: 


/ 

- 8 m.m. 

J-4C.C. 

4 (Not marked) 


Fig. 57.— Folin and Wu 
SugarTube. [J . Biol. Chem., 
41, 372 (1920)]. 
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Reading of standard 
Reading of unknown 


X 100 = mg. of glucose per 100 cc. of blood. 


Where a 0.4 mg. glucose standard is employed, multiply the ratio of 
the readings by 200 instead of 100. 


DETERMINATION OF SUGAR BY BENEDICT’S MODIFICATION 
OF THE FOLIN-WU METHOD ’ 

Reagents. 

1. Alkaline copper reagent. Two hundred grams of sodium citrate 
and 60 grams of anhydrous sodium carbonate are dissolved in about 
800 cc. of distilled water. Then add, with stirring, 100 cc. of a solu- 
tion containing 6.5 grams of pure copper sulfate, 9 grams of ammonium 
chloride, dilute to a liter, and mix. Place a 100 cc. portion of the solu- 
tion in a small bottle and add 2.5 to 3.0 grams of sodium sulfite. The 
reagent is then ready for use and will keep 3 or 4 weeks. If only occa- 
sional determinations arc to be made, omit adding sulfite to the reagent 
but add 5 drops of a 20 per cent sodium sulfite solution to each sugar 
tube just before adding the reagents. 

2. Tungstic acid reagent. Place 600 cc. of water in a liter flask, 
add 100 grams of pure sodium tungstate, and shake till solution is com- 
plete. Then add 50 grams of pure arsenic pentoxidc, 25 cc. of 85 per 
cent phosphoric acid, 20 cc. of hydrochloric acid, sp. gr. 1.19, and boil 
the solution for 20 minutes. Cool, add 40 grams of sodium chloride, 
45 cc. of hydrochloric acid, sp. gr. 1.19, 60 cc. of formalin, and shake 
till solution is complete. Dilute to a liter and mix. 

3. Standard glucose solution. Use pure aqueous solutions of glu- 
cose preserved with toluene. 

Procedure.— Accurately measure 2 cc. of the 1 : 10 tungstic acid 
filtrate into a Folin and Wu sugar tube and then add 2 cc. of the alka- 
line copper reagent. Mix the solutions and place the tube in boiling 
water. The ammonium salt holds the reduced copper in solution. 
After heating for 5 minutes, remove the tube and put it in cold water. 
To the cooled solution add 2 cc. of the tungstic acid reagent. The 
color develops at once. Let stand 1 or 2 minutes, dilute to the 25 cc. 
mark, thoroughly mix, and match against a standard solution similarly 
treated. 

Calculation, — Make the calculation as directed above. 

*J. Biol. Chem., 68, 759 (1926). 
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DETERMINATION OF SUGAR BY BENEDICT’S PICRIC ACID METHOD ^ 

This method is based upon the red to brown color obtained by heat- 
ing glucose with picric acid and sodium carbonate. These colors were 
first described by Braun.'* He states that glucose, fructose, and lac- 
tose give these colors and that picramic acid is formed. Later observ- 
ers were Jaffe,'"^ Johnson,^’ and Chapman.'^ All these investigators 
employed caustic alkalies instead of sodium carbonate and, hence, 
the colors obtained resulted not only from the reduction of picric acid 
by the sugars, but also from the caramelization of the sugars by the 
caustic alkali. ® “ This latter effect is entirely avoided in the use of 
sodium carbonate.” 

In blood analysis the proteins are removed by precipitation with 
picric acid, and, since the latter is one of the reagents of the color 
reaction, it need not be removed from the protein-free filtrate. The 
trace of creatinine present in blood is probably not sufficient to affect 
the color value. 

Reagents. 

1. Picrate-picric acid reagent. Dissolve 36 grams of dry pow- 
dered picric acid in 500 cc. of 1 per cent sodium hydroxide and about 
400 cc. of hot water. As soon as solution is complete, cool, pour into a 
liter flask, dilute to the mark, and mix. 

2. Sodium carbonate, 20 per cent. Dissolve 200 grams of anhy- 
drous carbonate in a liter of water. 

3. Standard sugar solution. Prepare simultaneously along with 
the unknown, by treating 0.64 mg. of pure glucose with 4 cc. of water, 
4 cc. of the picrate-picric acid reagent and 1 cc. of 20 per cent sodium 
carbonate solution. The mixture is heated for 10 minutes in boiling 
water and then diluted to 12.5 cc. 

4. Permanent standards. Solutions of picramic acid or potas- 
sium dichromate may be used as permanent standards. The dichro- 

® Benedict, J. Biol. Chem., 34, 203 (1918); Lewis and Benedict, ibid., 20, 61 (1915); 
cf. Pearce, ibid., 22, 525 (1915); and Myers and Bailey, ibid., 24, 147 (1916). 

*Z. anal. Chem., 4, 185 (1865); Chem. Zentr., 1866, 219; ibid., 1874, 825. 

6 Z. physiol. Chem., 10, 391 (1886). 

® Pharm. J, and Trans., 54, 24. 

’'Analyst, 34, 475. 

* Lancet, 26, Sept., 1844; Chem. Zentr., 1847, 623; Chem. Ztg., 1901, Rep., 209; 
MUnch. med. Wochschr., 1906, 1309. 

* W. M. Dehn and F. A. Hartman, J. Am. Chem. Soc., 36, 403 (1914). 
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mate solution docs not match the unknown exactly, but will give satis- 
factory results. 

{a) Picramic Acid Standard . — To prepare a stock solution, dis- 
solve 100 mg. of pure picramic acid and 200 mg. of sodium carbonate 
in about 500 cc. of water in a liter ilask, dilute to a liter, and mix 
thoroughly. Treat 126 cc. of the stock solution with 1 cc. of 20 per 
cent sodium carbonate solution and 15 cc. of the picratc-picric acid 
reagent, dilute to v300 cc., and mix thoroughly. The resulting solution 
exactly matches in color that obtained by treating 0.64 mg. of glucose 
as directed in (3) and diluting to 12.5 cc. 

(/;) Potassium Dichromate Standard . — Dissolve 800 mg. of pure 
potassium dichromate in about 500 cc. of water, dilute to a liter, and 
thoroughly mix. 

Procedure. — Draw 4 or 5 cc. of blood into a test tube containing 
a little powdered potassium oxalate toi)revent clotting. Withdraw 2 cc. 
of the blood by means of an Ostwald pipette and transfer it to a 25 cc. 
graduated flask, or to a large test tube marked at 12.5 and at 25 cc. 
Rinse the pipette twice with distilled water, adding the washings to the 
blood. Shake the contents of the flask or test tube a minute or two to 
insure thorough mixing and a consequent hiking or hemolysis of the 
blood. Now add, to the 25 cc. mark, the picrate-picric acid reagent, 
using a few drops of alcohol to dispel foam, if necessary, and thoroughly 
mix by shaking. After a minute or two (or longer) pour the mixture 
upon a dry filter, and collect the clear filtrate in a dry beaker. Measure 
exactly 8 cc. of the filtrate into a large test tube graduated at 12.5 cc. 
and at 25 cc., and add 1 cc. of 20 per cent sodium carbonate solution. 
Plug the tube with cotton and immerse it in boiling water for 10 min- 
utes. (See Note 1.) Remove the tube and cool its contents under 
the water tap. Dilute to 12.5 cc. or to 25 cc., depending upon the 
depth of color. At any time within half an hour, compare the solution 
in a colorimeter with a suitable standard. (See Note 2.) 

Calculation. 

Reading of standard ^ ^ ^lood. 

Reading of unknown 

If the unknown is set at 20, then five times the reading of the standard 
equals the glucose concentration in milligrams per 100 cc. Where the 
final dilution is made to 25 cc. instead of 12.5 cc., the final figure is, 
of course, multiplied by 2. 
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Notes. 

1. Longer heating of the blood filtrate up to half an hour makes no 
change in the color. 

2. Occasionally the final filtrates in this or other picric acid methods 
develop a little turbidity during heating. Unless such turbidity is 
fairly marked, it is of no account. When desired, the final colored 
solution may be filtered through a small folded filter into the colorim- 
eter cup. 

DETERMINATION OF CHOLESTEROL AND FATTY ACIDS BY THE 
METHOD OF BLOOR, PELKAN, AND ALLEN 

Hot alcohol-ether solution is used to extract the lipoids from the 
blood plasma. The extract is then saponified, the cholesterol ex- 
tracted with chloroform and determined colorimetrically, and the soaps 
extracted with hot alcohol. The fatty acids (in the form of soaps) are 
determined nephelometrically by the turbid solution obtained upon 
acidifying the soap solution. For the nephelometric procedure, see 
Volume II. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. and 1 ; 3. 

2. Acetic anhydride. 

3. Alcohol (redistilled). 

4. Ether (redistilled). 

5. Chloroform. The chloroform used must be neutral in reaction 
and free from moisture and alcohol. 

6. Sodium hydroxide. Make from metallic sodium by exposing 
the metal, in a closed vessel containing distilled water at room tem- 
perature, over a receiver to catch the hydroxide which drips off the 
metal. The action is slow, but the apparatus requires little attention 
and a strong pfire hydroxide is obtained. 

7. Standard cholesterol solution. This is a solution of cholesterol 
in chloroform containing from 0.5 to 1 mg. of cholesterol in 5 cc., 
depending on the cholesterol content of the blood which is being 
measured. For most purposes a standard containing 0.50 mg. of 
cholesterol in 5 cc. of solution will be found suitable. For convenience 
in weighing the cholesterol, a standard twenty times the strength 
of the final one is prepared, and this is diluted as needed. 

J. Biol. Chem., 62, 191 (1922). 
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Procedure : Extraction a^id Saponification, — Five cubic centimeters 
of blood plasma are measured into a 100 cc. flask containing about 
75 cc. of a mixture of 3 parts alcohol and 1 part ether (both redistilled). 
The plasma is made to enter in a slow stream of drops and the liquid 
in the flask is kept rotating rapidly to prevent the formation of large 
aggregates of precipitate. At once, or after standing till a convenient 
time, the flask is immersed in boiling water with frequent and strong 
rotation (to prevent superheating) until the liquid begins to boil, then 
cooled to room temperature, made up to volume, mixed, and filtered. 
For the determination, a volume (10 to 20 cc.), containing about 2 mg. 
of fatty acid, is measured into a small Erlenmcycr flask (50 to 100 cc.) 
of Kavalier glass (Pyrex is less suitable for boiling caustic alkalies. 
See Table XLV, page 720) 0.1 cc. of concentrated NaOH made from 
sodium is added, and the mixture evaporated on the water-bath. 
When the volume of liquid has been reduced to a few drops the flask 
should be rotated or shaken occasionally so as to distribute the liquid 
evenly over the bottom (but not over the sides). The drying is then 
continued until only 2 or 3 drops of liquid remain and the odor of 
alcohol is entirely gone. The alkali is then partially neutralized by 
the addition of 0.1 cc. of dilute sulfuric acid (1 volume concentrated 
acid, 3 volumes water), and the liquid well mixed and distributed 
over the bottom of the flask as before. The drying is then continued 
on the water-bath until the residue is dry and all the moisture has dis- 
appeared from the sides of the flask. The process of drying is a very 
important step in the method, since the separation is not quantitative 
if the drying is either carried too far (in which case some of the choles- 
terol cannot be recovered by the cold treatment), or not far enough 
(when a part of the soap or fatty acids is extracted with the choles- 
terol). The amount of acid added should be somewhat less than 
enough to neutralize the alkali, since otherwise fatty acids would be 
set free and dissolve in the chloroform. For the same rdason the added 
acid should be well mixed with the residue in the flask so as to insure 
its complete neutralization. If there is not enough liquid in the flask 
to allow complete mixing, a drop or two of distilled water should be 
added. The reason for the addition of acid is two-fold; first, the acid 
prevents destruction of cholesterol by the strong alkali (for, contrary 
to the statements in the literature, cholesterol is altered— at least 
as far as its color-producing properties are concerned— by heat- 
ing with strong alkali); and, second, by the formation of the crys- 
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talline sodium sulfate the residue is made porous so that the solvents 
penetrate readily. The heating should be carried through all its 
stages on a water-bath and not on an electric hot-plate, since it has 
been found impossible to prevent overheating on the latter. 

Separation and Determination of C holes ter oL~Aitcv cooling, 10 cc. 
of chloroform are added and the flask is allowed to stand for 10 min- 
utes; it may be shaken occasionally so that the solvent may reach 
any material adhering to the sides. The chloroform extract is poured 
through a 5^ cm. hardened filter into another small flask and the 
extraction twice repeated with 5 cc. of chloroform. If the drying and 
distribution of the salt have been carefully carried out, very little of 
the salt will break loose from the bottom of the flask during the 
chloroform extraction, and the fatty acids will be quantitatively 
retained. The combined chlorofonn extract is then evaporated down 
to 2 or 3 cc., poured into a 10 cc. glass-stoppered, graduated cylinder, 
made up to 5 cc. with chloroform washings from the flask, and the 
cholesterol then determined by the use of the Liebermann-Burchard 
reaction as follows: To the contents cf the graduated cylinder made 
up to 5 cc. arc added 1 cc. of acetic anhydride and 0.1 cc. of pure con- 
centrated sulfuric acid, the cylinder is stoppered, and the whole well 
mixed. The cylinder is allowed to stand for 15 minutes at a tempera- 
ture of 20 to 22° C., exposed to the same light by which readings are 
later to be made. (The color is sensitive to light and this precaution 
is necessary in order to avoid changes in tint during the reading.) It 
is then transferred to the colorimeter cup and compared with a suit- 
able standard similarly prepared from pure cholesterol. The standard 
cholesterol for this purpose should contain ordinarily 0.5 mg. of 
cholesterol in 5 cc. of chloroform. 

DETERMINATION OF CHOLESTEROL BY THE METHOD OF MYERS 
AND WARDELL MODIFIED 

The blood plasma or serum is mixed with plaster of Paris, dried, 
and extracted with chloroform. Acetic anhydride and concentrated 
sulfuric acid are added to the chloroform extract and, after standing 
15 minutes to allow the color to develop, the solution is compared with 
a standard. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

" V. C. Myers and E. L. Wardell, J. Biol. Chem., 36, 147 (1918). 
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2. Acetic anhydride. 

3. Chloroform. Use redistilled chloroform. 

4. Standard cholesterol solution. Prepare a stock solution by 
dissolving 0.160 gram of pure cholesterol in 100 cc. of redistilled 
chloroform. Dilute 5 cc. of the stock solution to 1 00 cc. with chloro- 
form. Ten cubic centimeters of this solution contain 0.8 mg, of 
cholesterol. 

5. Permanent standards. Standardize aqueous solutions of naph- 
thol green B. This dye excellently matches the cholesterol color and 
appears to be permanent. 

Procedure.— One cubic centimeter of blood, plasma or scrum, is 
})ipctted into a porcelain crucible or small beaker containing 4 to 5 
grams of plaster of Paris, stirred, and 
dried, preferably in a drying oven. It 
is now emptied into a small extraction 
shell (4 cm. long) and then inserted in a 
short test tube (2.5X6 cm.), in the 
bottom of which are a number of small 
holes (Fig. 58). This is now attached 
to a large cork on a small reflux con- 
denser and the tube and cork arc in- 
serted in the neck of a 150 cc. extraction 
flask containing about 20 to 25 cc. of 
chloroform. Extraction is continued for 
30 minutes on an electric hot-plate, the 
chloroform made up to some suitable 
volume, such as 15 cc., filtered if neces- 
sary, and colorimetric estimation carried 
out as follows: 5 cc. of the chloroform 
extract are pipetted into a dry test tube, 
and 2 cc. of acetic anhydride and 0.1 cc. 
of concentrated sulfuric acid (best with 

0.1 cc. pipette) are added. After thorough 

^ ^ ^ 1 1 • u I'lG. 58.— IMyers and Ward ell, J. 

mixing, the solution is placed in the Biol. Chem., 3«, i50 (i9i8)]. 

dark for exactly 10 minutes to allow the 

color to develop, and then compared with a standard solution of choles- 
terol in chlorofonn treated in exactly the same way or a permanent 
standard of naphthol green B. If a Duboscq colorimeter is used, the 
cups should be remounted in plaster of Paris instead of balsam. 
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Figure 59 illustrates a very neat and compact apparatus which 
^ " may be used instead of the one shown in I 1 g. 5 ^ 

Place the extraction thimble in the siphon cup 
(a perforated porcelain cup may be used), add 
chloroform to the flask (Pyrex) and carry out the 
extraction while cold water flows through the con- 
densing coil. 

Note.— In order to get the proper tempera- 
ture for color development in warm weather, 
it is advisable either to, keep the reagents in a 
cool place or to insert the tubes in water during the 
development of the color. 

Fig. 59. 

DETERMINATION OF LIPOID PHOSPHORUS (LECITHIN) BY THE 
METHODS OF BLOOR, AND BENEDICT AND THEIS 

The lipoids are extracted from the blood with an alcohol-ether mix- 
ture, oxidized by a nitric acid-sulfuric acid mixture, and the lipoid 
I)hosphoric acid determined colorimetrically by the method of Bene- 
dict and Theis for inorganic phosphate given on page 353. 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Nitric acid, sp. gr. 1.42. 

3 . Sodium hydroxide. Use a concentrated, COL>-free, solution of 
sodium hydroxide. 

4. Alcohol-ether solution. Use only redistilled alcohol and ether. 
Mix in the proportion of 3 parts of alcohol to 1 part of ether. 

5. Sucrose solution, 1 per cent. 

6 . For additional reagents, see page 353. 

Procedure.— Place 20 cc. of the alcohol-ether solution in a 25 cc. 
graduated flask, and add to it 1 cc. of well-mixed blood. The blood 
is added in a slow stream of drops and the liquid in the flask is kept 
rotating fairly rapidly in order to prevent the formation of large aggre- 

Obtained from A. H. Thomas Co., Philadelphia. Suggested for cholesterol extrac- 
tions by W. H. Stoner; cf. P. B. Hawk and 0. Bergeim, Practical Physiological Chemistry, 
9th ed., p. 392. P. Blakiston’s Son and Co., Philadelphia, 1926. 

i^Bloor, J. Biol. Chem., 36, 33 (1918); Benedict and Theis, ibid., 61 , 63 (1924); see 
also Oscr and Karr, Arch. Int. Med., 36, 507 (1925). 
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gates of precipitate which are difficult to extract. The flask is then 
immersed in boiling water with frequent and vigorous rotation (to 
prevent superheating) until the liquid begins to boil. Cool to room 
temperature, dilute to 25 cc. with the alcohol-ether solution, mix, and 
filter. To carry out the oxidation, introduce 5 cc. of the filtrate into a 
large Pyrex test tube graduated at 5 cc., immerse the tube in boiling 
water, and evaporate the contents to dryness. Add 0.5 cc. of a mix- 
ture of equal parts of sulfuric acid, sp. gr. 1.84, and nitric acid, sp. gr. 
1.42, and thoroughly mLx with the residue. Digest over a micro- 
burner, taking care not to overheat. Water and oxides of nitrogen 
are driven off first, and finally sulfuric acid fumes. Reduce the flame 
and continue heating till the brown fumes reappear. Cool for 2 min- 
utes, add 1 or 2 drops of 1 per cent sucrose solution to produce a charred 
mixture, and heat again. The solution .should become clear, but if a 
brown or yellow color remains alter heating for half a minute add a 
trace of nitric acid and continue boiling. Cool, add 2 cc. of distilled 
water, rinsing down the sides of the tube, and approximately neutralize 
by adding a previously determined amount of concentrated, CO 2 - 
frec, sodium hydroxide solution. Cool to room temperature, dilute 
with distilled water to the 5 cc. mark, and complete the analysis as 
directed in the Benedict and Theis mctluxl for inorganic phosphorus 
on page 353, using the same standard phosphorus solution. 

Calculation. 

Reading of standard 100 , , 

5 — X 0.025 X — = mg. lipoid phosphorus per 100 

Reading of unknown 0 . 2 

If the unknown is set at 12.5 mm., the result is obtained directly by 
reading the standard. “ Lecithii\ ” contains approximately 4 per cent 
of phosphorus. 

DETERMINATION OF BILE PIGMENT IN SERUM. ICTERIC INDEX 

The intensity of the yellow pigmentation of serum is matched 
against a standard potassium dichromate solution. 

Reagents. 

1. Sodium chloride, 0.9 per cent. 

2. Standard dichromate solution. Use a O.Ul per cent potassium 



480 


BLOOD ANALYSIS 


dichromatc solution, containing 2 drops of concentrated sulfuric 
acid per 500 cc. Keep the solution in a dark-brown bottle or in the 
dark. Preston recommends the use of a colored glass Uran ") 
disk as standard. These disks may be obtained from the Klett Mfg. 
Co., New York City. 

Procedure— Separate the serum from about 5 cc. of freshly drawn, 
unhemolyzed blood, and dilute 1 cc. of the serum with 0.9 per cent 
sodium chloride solution until the color approximately matches that 
of the standard dichromate solution. The dilution may be conveni- 
ently made in an ordinary graduated cylinder. Transfer the solutions 
to a colorimeter and compare their colors. The Bock-Benedict and 
Hellige-Leitz instruments are well suited for small volumes of liquids. 


Calculation. 


Reading of standard 
Reading of unknown 


X dilution = Icteric Index. ^ ^ 


Example: If the unknown is set at 10, and I cc. of serum diluted 
to 8 cc. gives a reading on the standard of 6.5, the icier ic index is 5.2. 


THE VAN DEN BERGH TEST FOR BILE PIGMENT IN SERUM 

This test has won considerable favor among clinicians. It is based 
upon the red color obtained by treating serum with a diazotizing 
reagent, the reaction with bilirubin being taken as an index of the 
type and extent of bilirubinemia, depending upon the rate of appear- 
ance of color and its depth. For details of the procedure and inter- 
pretation of results, see Hawk and Bergcim, Practical Physiological 
Chemistry, 9th ed., page 396, P. Blal^iston’s Son and Co., Philadelphia, 
1926. 


DETERMINATION OF BILE SALTS 

For a colorimetric method for the determination of bile salts in 
blood, see P. Szilard, Biochem. Z., 169, 325 (1925); ibid., 173, 440 
(1926). 

J. Lab. Clin. Med., 11, 879 (1926). 

Meulcngracht, Deut. Arch. klin. Med., 132, 285 (1920). 

Presse M6d., 29, 441 (1921). 
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DETERMINATION OF PHENOLS 

Moir^^ has described a sensitive test for phenols using diazotized 
/?-nitroaniline base. This reagent has been employed by Theis and 
Benedict ^ * for the quantitative colorimetric determination of phenols 
in the blood. An orange to red coloration is obtained, and the reac- 
tion is sufficiently delicate to be employed for phenol determination in 
blood filtrates, provided the blood is diluted only 1 to 5 instead of 1 to 
10 as in the rcgtlar Folin-Wu procedure. Thereagenttendsto become 
turbid with blood filtrates, but this can be prevented by the addition 
of a colloid (gum acacia). The reaction takes place in solutions of 
very weak acidity. This condition is obtained by adding sodium 
acetate prior to adding the reagent. Uric acid reacts so feebly with 
the nitroaniline reagent (giving about one-twentieth as much color as 
an equal weight of phenol) that its removal is unnecessary. Ihe 
diazotized reagent must be prepared fresh daily. 


Reagents. 


1. Hydrochloric acid, sp. gr. 1.19. 

2. Sodium carbonate, 20 per cent. 

3. Sodium acetate, 50 per cent. 

4. Gum acacia, 1 per cent. 

5. Diazotized nitroaniline reagent. Dissolve 1.5 grams of p- 
nitroaniline base in 500 cc. of water containing 40 cc. of hydrochloric 
acid, sp. gr. 1,19. Prepare the diazotized reagent fresh daily by adding 
0.75 cc. of 10 per cent sodium nitrite solution to 25 cc. of the p-nliro- 

aniline solution. • a < -vt 

6. Standard phenol solution. Make a phenol solution in 0.1 N 

hydrochloric acid that contains about 1 mg. of crystallized phenol 
per cubic centimeter. Transfer 25 cc. of this solution to a 250 cc. 
flask, add 50 cc. of 0.1 N sodium hydroxide, heat to 65 C., add 25 cc. of 
0.1 N iodine solution, stopper the flask, and let stand at room tempera- 
ture for half an hour. Then add 5 cc. of hydrochloric acid, sp. gr. 1.19 
and titrate the excess of iodine with 0.1 N sodium thiosulfate. Each 
cubic centimeter of 0.1 N iodine corresponds to 1.567 mg. of phenol. 
On the basis of the titration, dilute a portion of the phenol solution so 


IT J. South African Inst., 5, 8 (1922). 

J. Biol. Chem., 61, 67 (1924); see also Rakestraw, 


ibid., 56, 109 (1923). 
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that 1 cc. contains 0.1 mg, of phenol. This dilution is made every few 
weeks and the final dilution (10 cc. = 0.025 mg.) is made daily. 

The 0.025 mg. standard reads with a satisfactory degree of accuracy 
against solutions containing 0.05 to 0.015 mg. of phenol. 

Procedure. — The blood is precipitated as in the Folin-Wu pro- 
cedure except that 2 volumes of water are added instead of 7. To 10 
cc. of the 1 : 5 filtrate add 1 cc. of 1 per cent gum acacia solution, 
1 cc. of 50 per cent sodium acetate solution, and 1 cc. of the diazotized 
nitroaniline reagent. After 1 minute add 2 cc. of 20 per cent sodium 
carbonate solution. A bright orange-red color is obtained. Compare 
the solution with a similarly treated standard phenol solution con- 
taining 0.025 mg. of phenol in 10 cc. 

To determine total phenols (free and conjugated), 10 cc. of the 
1 :5 blood filtrate are put into a test tube with 0.25 cc. of hydrochloric 
acid, sp. gr, 1.19, and heated for 10 minutes in a boiling water-bath. 
Cool the solution and neutralize with sodium hydroxide solution. 
The same amount of acid and alkali arc also added to the standard 
and to the unheated filtrate. The determination is completed as 
directed in the preceding paragraph. 

Notes. 

1. Blood contains from 1 to 2 mg. of free phenols per 100 cc. 
Conjugated phenols may occur in small quantity (0. 1-0.2 mgi per 100 
cc. blood) in some bloods, but are not demonstrable in all bloods. 

2. Figures obtained^® by this method on twenty bloods average 
0.4 mg. per 100 cc. lower than the figures of the Rakestraw^® method 
on the same bloods. 

DETERMINATION OF HEMOGLOBIN BY^THE NEWCOMER METHOD 

Bausch & Lomb Hemoglobinometer.— Figure 60. This hemo- 
globinometer is an adaptation of the Duboscq type of colorimeter. 
It is a precision instrument which reads directly the per cent hemo- 
globin to 5 per cent with the least possible manipulation, and is as 
small and convenient as is consistent with accurate readings. 

In addition to the detailed description which follows, there are 
certain general considerations which should be clearly set forth. The 

R. C. Theis and S. R. Benedict, J. Biol. Chem., 61, 70 (1924). 

2«J. Biol. Chem., 66, 109 (1923). 
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basis on which the instrument is constructed is the making of a photo- 
metric match between a standard filter on one side and the diluted 
blood sample on the other. The filter against which the match is 
made is of special yellow glass. The selection of the filter is the result 
of extensive investigations upon the absorptive characteristics of the 
hemoglobin. The filter itself was selected after the examination of 
over one thousand samples of glass. For a discussion of the theory 
of this hemoglobinometer, 
see H. S. Newcomer, J. 

Biol. Chem., 37, 465 
(1919). 

The 100 per cent 
point of the scale is de- 
termined by the normal 
value of Williamson, 
which is 16.92 grams per 
100 cc. This value, 

16.92, is the average of 
the hemoglobin deter- 
minations of 919 normal 
individuals, and has been 
arbitrarily chosen as the 
base for the scale. Ref- 
erence to the chart and 
descriptive matter, pages 
486-487, will show how 
thf. .v,„se no-d V* ~ IT, 

is affected by age and g ^ cover; M, mirror. 

sex. The chart is based ^ 

on the same series of measurements from which the normal va ue 

is obtained. , , . . i. • e 

Description of Instrument.-rfo body of the instrument is of 

aluminum, to which are firmly attached the integral parts of the 
equipment, made as smaU and Ught as possible while still retammg 

firmness and rigidity. . . 

The rack and pinion actuating the cup table is of the precision 

microscope type, both cups being operated by the same pimon. ^ 

The prism system, P, is of the double rhomboid type, the inner 

« Arch. Int. Med., 18, 505 (1916). 
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reflecting surfaces of both rhomboids being silvered. The divi(li]i<f 
line of the field is formed by the sharp edge of a silver reflecting sur- 
face. Since the dividing line becomes practically invisible, very 
delicate and accurate settings are assured. In keeping v/ith the idea 
that the instrument should be as compact as possible, the prism has 
been designed in a smaller form than that used in the Duboscq colorim- 
eters. 

The observing eyepiece, E, consists of a collective and eye lens, so 
diaphragmed at the eyepoint that all disturbing reflections are removed. 

The cups, RC and LC, are of clear glass with their bases of optical 
glass fused firmly upon them. The tops are flared to prevent any 
overflow of liquid even when the plunger is brought in contact with the 
bottom of the cup. Their actual depth is 47.5 mm. ; the fluid depth is 
37.5 mm. 

The plungers, PI, are of hollow tubing of the same glass as the cups. 
The bases are fused on to the tubes and, in addition, a second disk is 
cemented to the upper end for the purpose of keeping out dirt and dust 
which might otherwise enter. 

The filter, F, as pointed out above, is of a special yellow glass chosen 
for its spectral properties. It is introduced into the left-hand light 
path in a recess provided at the upper end of the plunger mount. The 
thickness of the filter is controlled to 0.01 mm., making unnecessary 
any correction for filter thickness. This filter is not balanced by a 
smiilar disk of clear glass on the right side, since it has been found 
that the best approximation to the absorption curve of normal hemo- 
globin is secured when the loss of light by surface reflection is added 
to the selective absorption of the filter. 

The scale, S, is calibrated to the normal value of 16.92 grams per 
100 cc. To the pinion which operates both cups simultaneously is 
attached a rotating grooved drum on which are engraved the hemo- 
globin values in steps of 5 per cent. The liquid depth (in per cent 
hemoglobin) is shown by an indicator which moves in and out with the 
rotation of the drum. The use of this drum has made it possible to 
lengthen very materially the individual units. The shortest division 
(between 145 and 150 per cent) covers about \\ mm. or about 6-J- 
degrees of arc. The longest division (between 40 and 45 per cent) 
covers about 19 mm. The length of these divisions, which individu- 
ally cover 5 per cent, makes it possible to estimate easily the hemoglobin 
value to within 1 per cent. In addition to the feature of accuracy, the 
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drum offers an excellent reading device. With only a slight 
shift of the eye from its position of observation of the held, the 
drum and its indicator are clearly seen, and the reading made 
directly. 

In order to secure maximum illumination, which will be at the 
same time diffuse and even, a second surface mirror, M, having its 
first surface ground, is used. 

Each instrument is equipped with a special pipette holding 5 cc. 
This pipette is calibrated to give dilutions of 250 to 1 or 500 to 1. The 
normal dilution, and the one from which the scale is calibrated, is 
500 to 1. The second dilution is to be used only for bloods of very 
low hemoglobin content. 

There is provided also a slip cover which can be used to protect the 
cups from extraneous light and the instrument from dirt when it is not 
in use. 

Procedure. — The blood from a puncture wound is drawn to the 
10 mark (10 cu. mm.) in the pipette and the remainder filled with the 
diluent which is a solution of I per cent hydrochloric acid. With this 
dilution the instrument will read as low as 40 per cent hemoglobin. 
Readings of blood from individuals having a lower hemoglobin con- 
tent may be made by doubling the amount of blood used and dividing 
the resultant colorimeter reading by 2. 'Fo make such a dilution of 
double strength, blood should be drawn to the 20 mark and the pipette 
filled with diluent. 

Place clear water in the left-hand cup, LC, and the contents of 
the pipette in the right-hand cup, KC. See that both rest squarely on 
the carriage. Bring the bottom of the cups in contact with the plung- 
ers, PI, to force out any air bubbles. This may also be accomplished 
by tilting the instrument. Finally, balance the two color fields until 
they have the same color density. 

‘ 'Fhe yellow solution obtained by dilution of the blood with 1 per 
cent hydrochloric acid increases in color density with the lapse of time. 
The instrument is calibrated to read correctly when the solution has 
reached its final color depth. When readings are not made too soon 
after dilution, this difference, for practical puq)oscs, may be neglected. 
If more accurate results are desired, the reading may be corrected by a 
simple calculation based on the proportion of the rate of change in 
color density to the lapse of time. The absolute reading at any given 
time is equal to the observed reading plus a percentage of the reading. 
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This percentage is the quotient of 40 divided by the lapse of time 
between the making of the dilution and the reading, thus: 


40 

Absolute reading = observed reading + (observed reading). 


Table for Time Correction . — To correct the hemoglobinometer 
reading, add to the reading a figure in the table, the choice of the figure 
depending on the time since dilution of the blood and the reading of 
the hemoglobinometer. 


TABLE XLII 


Reading, 

Per Cent 

Minutes Since Dilution 

... .. 

10 

15 

20 

40 

35-44 

1.5 . 

1.0 

1.0 

0.5 

45-59 

2.0 

1.5 

1.0 

0.5 

60-69 

2.5 

1.5 

1.25 

0.5 

70 80 

3.0 

2.0 

1.5 

1.0 

81-91 

3.5 

2.5 

1.5 

1.0 

91-109 

4.0 

3.0 

2.0 

1.0 

110-119 

4.5 

3.0 

2.0 

1.0 

120-134 

5.0 

3.0 

2.5 

1.0 

135-145 

6.0 

4.0 

3.0 

1.5 


Chart of Hemoglobin Values. Birth to Old Age.— Figure 61 
is drawn from data on the hemoglobin of 919 normal individuals, 
published by Williamson. 22 The two curves represent, respectively, 
the mean values of the hemoglobin content of blood of normal 
males and females from birth to old age. A line is drawn across 
the figure at a level corresponding to 16.92 grams hemoglobin per 
100 cc. of whole blood. This figure is the average for males during 
the age period sixteen to sixty years. It is arbitrarily chosen as the 
100 per cent of the hemoglobin scale, and the rest of the abscissas are 
drawn accordingly. 

A line drawn at a level corresponding to 15.53 grams (91.8 per cent) 
indicates the average for females during the same age interval. 

From an examination of the curves one can see the way in which 
the expected hemoglobin will deviate from this 100 per cent figure, 
“Arch. Int. Med., 18, 505 (1916) 
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according to age and sex. It is normal for individuals to range as 
much as 1 gram (6 per cent) above or below the values given by these 
curves. 
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Fig. 61.— Newcomer’s Chart of Hemoglobin Values— Birth to Old Age— Based upon 
Williamson’s Data. 


DETERMINATION OF HEMOGLOBIN BY THE ACID HEMATIN 
METHOD OF COHEN AND SMITH 

This method is based upon measuring the depth of color of acid 
hematin resulting from the dilution of blood in dilute hydrochloric 
acid. The procedure and notes have been taken from the work of 
Cohen and Smith. ^3 


” J. Biol. Chem., 89, 489 (1919). 
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Reagents. 

1. Hydrochloric acid, 0.1 N. 

2. Standard acid hematin. A quantity of blood (usually 50 cc.) 
is obtained, carefully defibrinated, and then strained through gauze. 
The oxygen capacity of this blood is then determined by the Van Slyke 
method. Accepting the Haldane figure of 18.5 volumes per cent for 
the oxygen capacity of normal blood (corresponding to approximately 
14 grams of hemoglobin per 100 cc.), the blood is diluted with 0.1 N 
HCl so as to make a 20 per cent solution of a blood with an oxygen 
capacity of 18.5 volumes per cent. That is, if the blood has an oxy- 
gen capacity of 18.5 volumes per cent, 20 cc. of it are diluted to 100 cc. 
with 0.1 N HCl; if the oxygen capacity is 22 volumes per cent, then 

( 18 5 X 20\ 

— ^ I of it are diluted to 100 cc. with the acid. The 20 

22 / 

per cent solution of blood thus obtained is well mixed and stored in a 
glass-stoppered bottle, preferably in a cool spot away from the light. 
This constitutes the stock solution from which the comparison stand- 
ard is made. Such a stock solution will not deteriorate for at least 3 
months, provided contamination by molds is avoided. Sahli ^ ^ sug- 
gests saturating the acid with chloroform to keep molds from develop- 
ing in the solution. No other unusual precautions for the preserva- 
tion of this solution seem to be needed; but before using, it should be 
thoroughly shaken. 

The comparison standard for use in the colorimeter is made by dilut- 
ing 5 cc. of the stock solution to 100 cc. with 0.1 N HCl to make a 
1 per cent standard; or 2.5 cc. of the stock solution to 100 cc. for a 
0.5 per cent standard. Where routine determinations are to be made, 
it is desirable to have the standards made fresh at least once a week. 

Where determinations of the oxygen capacity of the blood are not 
readily available, one can make the stock solution from crystallized 
hemoglobin. 

Procedure. — From a freely flowing source of blood, 0.02 cc. is 
measured by means of a calibrated Sahli pipette into 6cc.of 0.1 N hydro- 
chloric acid. The blood pipette is rinsed out by drawing the acid solu- 
tion into it several times. Blood very low in hemoglobin may require 
a double sample, i.e., 0.04 cc. of blood in 6 cc. of acid, in order to give a 
Biol. Chem., 33, 127 (1918). 

Sahli, Lehrbuch der Klinischen Untersuchungs-Methoden, 6th ed., ii, p. 293. 
Leipzig, 1915. 
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dilution having the most satisfactory color for comparison with the 
standard. After the sample is added to the acid, the mixture must 
be allowed to stand, preferably in a warm place, for at least 10 minutes 
for the full color to develop. Readings taken sooner will be too low. 

In cold weather, hemolysis and color development take place more 
slowly, and the application of gentle heat will hasten the process. As 
a routine procedure, immersion of the tube in a warm water-bath is 
recommended. The color comparison may be made in either the 
Autenrieth-Hellige or the Duboscq colorimeter with a standard acid 
hematin'solution. The average of at least several readings is taken. 
The calculation is simple and is described for each instrument as follows: 

Standard and Calculation for the Duboscq Colorimeter. — The standard 
for comparison is a 0.5 per cent blood solution, which is set at 10 upon 

1.5 X 10 X 100 

the Duboscq scale. Hence the per cent hemoglobin = • 

It is desirable to make an actual calibration of the instrument for 
the solutions to be examined. 

StandardandCalculationJorthc A ulenrielh-Ilclligc-Lcitz Wed^e Color- 
imeter. (See Fig. 62.)— The standard for comparison is a 1.0 per cent 
blood solution. Experience has pointed to the necessity for different 
concentrations of standard solutions in each kind of instrument in order 
to secure most satisfactory color comparisons. The scale on the 
Autenrieth colorimeter may be inaccurately placed. There is another 
source of error that cannot be corrected by a mere resetting of the scale. 
1'he glass wedge containing the standard is not mathematically per- 
fect; therefore, for accurate work, this wedge containing the 1 per cent 
standard should be calibrated against solutions of known amounts of 
blood in 0. 1 N HCl contained in the small cup. Thus, a curve may be 
constructed from which may be read at once the percentage henao- 
globin corresponding to a given reading on the scale. This calibration 
takes a short time, and holds good for that wedge and instrument as 
long as other conditions arc maintained. 

For the conditions given here, if the instrument were perfectly 

3.0 X 10 X 100 . , 

constructed, the calculation would be 

globin, but this relation holds for only a portion of the scale (between 
3.0 and 8.5). Sahli^o claims the color development reaches a maxi- 


Loc. cit. 
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mum in 1 minute when the proportions he recommends are used: 
0.02 cc. of blood in 0.20 cc. of 0.1 N.HCl. 

Meyer and Butterfield found considerable delay in the full 
development of the color of the acid hematin. Cohen and Smith 
observed that the temperature of the solution, as well as the concen- 
tration of acid, greatly affects the speed of color development, and 
therefore resorted, when necessary, to warming the solution. An 



Fig. 62.-4, glass wedge for the “known”; glass trough for the “unknown”; C, 
scale; D, pinion for manipulating the rack for displacing the wedge relative to the glass 
trough; £, projected support for holding the glass wedge; F, ground glass plate for dif- 
fusing the light; G and H, metal holder which fits over the stopper of the glass wedge and 
holds the glass wedge in place; /, rack which pinion D manipulates; K, clasp which holds 
the ground glass plate in place; L, wooden slider on which the various parts are mounted; 
M, clamp which manipulates the holder G-H for screwing the glass wedge in place; A, 
metal holder which acts as support for the glass trough B and which support can be re- 
moved; 0, double prism (Helmholtz); P, indicator against which the scale displaces and 
wherever an equality in the color of the solution is determined the scale portion opposite 
the indicator represents the reading of percentage; Q, wooden board acting as support 
for the double prism and as cover for the front portion of the colorimeter. 


interval of 10 minutes seems to be sufficient for the development of 
practically the maximum depth of color. 

Newcomer 2 8 studied the rate of color aevelopment in acid hema- 
tin and found that after 10 minutes the color development was 96 per 
cent; after 20 minutes, 98 per cent; and after 40 minutes, 99 per cent 
of the maximum. He gives a useful formula for calculating the color 
deficiency: xy = - 40, where x is the time in minutes, and y the per- 
centage of color deficiency. The constant, -40, was apparently 

«Arch. Int. Med., 14, 94 (1914), 

« J. Biol. Chem., 37, 465 (1919). 
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derived for room temperature, and is not applicable to a wide range 
of temperatures, according to the experience of Cohen and Smith. 

DETERMINATION OF IRON IN BIOLOGICAL MATERIAL 

This is a thiocyanate method developed by Walker for the deter- 
mination of iron in food products and other biological materials. 

He studied both the thiocyanate and the ferrocyanide methods and 
found that the former is generally preferable. 

Reagents. 

1 . Nitric acid, sp. gr. 1.42. 

2. Hydrogen peroxide. 

3. Potassium thiocyanate, 10 per cent. 

’ 4. Standard iron solution. Dissolve 0.7000 gram of pure ferrous 
ammonium sulfate, FeS 04 - (NH 4 ) 2 S() 4 * 6 Il 20 , in about 100 cc. of dis- 
tilled water. Add 5 cc. of sulfuric acid, sp. gr. 1.84, warm and add 
potassium permanganate solution until oxidation is complete. Cool, 
dilute to a liter, and mix thoroughly. One cubic centimeter contains 

0.1 mg. of Fe. 

Procedure.— Accurately weigh about a 5 gram sample into a 
porcelain evaporating dish and ignite in an electric furnace. Cool, add 
10 cc. of distilled water, 3 cc. of nitric acid, sp. gr. 1.42, and filter 
through a small quantitative filter paper. Add 2 cc. of hydrogen 
peroxide to the filtrate, let stand for 1 minute, and then add 5 cc. of 
10 per cent potassium thiocyanate solution. Dilute to 50 cc. and 
match against a standard prepared by treating 1 cc. of the standard 
iron solution in the same way except that 2 cc. of nitric acid are used 
instead of 3 cc. 

Notes. 

1 . The extra 1 cc. of nitric acid used for the sample is to neutralize 
the alkalinity due to the ash. 

2. If the phosphate content is small, the ash may be dissolved in 
hydrochloric acid; for moderate amounts (not over 0.05 gram H3PO4) 
nitric acid should be used; for large amounts of phosphate as com- 
pared with iron (as in milk) use the method of Elvehjem and Hart.^'^^ 

« Analyst, 50, 278 (1925). 

30J. Biol. Chem., 67, 49 (1926). 
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3. The thiocyanate method is unsatisfactory in the presence of 
Ag,Hg, Co, H2C204,andHF. 

DETERMINATION OF HYDROGEN ION 
Cullen’s Method as Modified by Hawkins.'^^ 

For a discussion of the general principles underlying the colori- 
metric method of determining hydrogen-ion concentration, see Chap- 
ter XIX. 

Reagents. 

1. Sodium chloride, 0.9 per cent. 

2. Saline indicator solution.^- Add 2.1 cc. of 0.03 per cent phenol 
red (phenolsulfoncphthalein) solution to 100 cc. of 0.9 per cent sodium 
chloride solution, mix, and adjust approximately to pH 7.4 by adding 
0.02 N sodium hydroxide with a fine glass rod which has been dipi)ed 
into the alkali. 

3. Sorenson’s standard phosphate solutions. Prepare solutions 
ranging in steps of 0.05 from pH 7.00 to 7.80. For directions, sec 
Clark, The Detennination of Hydrogen Ions, 2d cd., Williams k 
Wilkins Co., 1922. 

Procedure. — Thirty drops of a 0.03 per cent solution of phenol red 
are added to 50 cc. of a 0.9 per cent solution of sodium chloride and 
adjusted to pH 7.3. Five cubic centimeter portions of this solution 
are placed in tubes with a diameter of 16 mm. and covered with 
paraffin oil. 

The blood is drawn from the heart of a guinea pig, or a vein of a 
human subject, directly into a 1 cc. pipette graduated to hundredths, 
by attaching a needle with a short rubber tube to the pipette. 

The needle and rubber are then detached and 0.25 cc. of the blood 
is run under the oil into one of the tubes containing the saline indi- 
cator solution. The blood and solution are thoroughly mixed by stir- 
ring carefully with a clean glass rod. 

The tube is centrifuged for 10 minutes, completely throwing down 
the red corpuscles, and is then placed in a comparator block and the pH 
determined by matching to the nearest color standard and applying 

Cullen, J. Biol. Chem., 52, 501 (1922); Hawkins, ibid., 57, 493 (1923). 

Indicators and standard buffer salts, both dry and in prepared solutions, may be 
obtained from the LaMotte Chemical Products Co,, Baltimore, Md., or Hynson, Westcott, 
and Dunning, Baltimore, Md. 



J)KTKRM1NAT10N OF HYDROGEN ION 


493 


corrections as described by Cullen. The standard color tubes are 
16 mm. in diameter and contain 5 cc. of Sorenson’s standard phosphate 
solutions ranging in steps of 0.05 pH from pH 7.00 to 7.80. 

Use a saline plasma tube as a control to compensate the standard 
for the slight color and turbidity of the plasma. For the arrangement 
of the tubes in the comparator block, sec page 211. 

Notes. 

1. The color standards slowly fade and must be checked once 
a week against a freshly prepared standard. Keep the color standards 
in the dark when they arc not in use. 

2. Be sure to test the pH of the distilled water. It usually has a 
pH between 6.2 and 6.5 and should give no red color with cither 
phenol red or methyl red. Use both indicators. Also, test the oil 
by shaking it with water containing phenol red and methyl red. 
The water must remain neutral. 

3. All apparatus must be thoroughly rinsed with redistilled water 
and dried. To compensate for the protein and salt errors in the 
colorimetric determination, an empirical correction, —0.23 (Cullen’s 
correction), is applied. This gives values which agree more closely 
with those determined electrometrically at 38° C. pH:]n° = colorimet- 
ric pHio + 0.01 {t° — 20) — 0.23, where is the observed tempera- 
ture. 

Under pathological conditions there is considerable variation in 
the Cullen correction. 

4. Normal blood ranges in pH from 7.30 to 7.50. In patho- 
logical cases the range so far observed is from pH 6.95 to 7.80. 

5. For a description of a multiide wedge colorimeter for bicolori- 
metric work, see V. C. Myers, J. Biol. Chem. 64, 675 (1922). This 
instrument is manufactured by E. Leitz, Inc., New York. 

MrmioD OF McClendon, Russell, and TRAC't’^'^ 

This method for the determination of the hydrogen-ion concen- 
tration in blood plasma makes use of a Duboscq colorimeter. The 
determination requires an indicator that shows change only in inten- 
sity of color with degree of dissociation and not a mixture of two 

” Austin, Stadie, and Robinson, J. Biol. Chem., 66, 505 (1925); .see also, Hastings and 
Sendroy, ibid., 61, 695 (1924), 

'“J. Biol. Chem., 70, 705 (1926). 
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colors such as is the case with phenol red. There are only a few such 
indicators with the sensitive portion of their range within the physi- 
ological limits of blood pE. Of these, cyanine (quinoline blue) is 
very strongly affected by proteins or some other constituent of plasma 
and, hence, does not permit an accurate matching of color. Para- 
nitrophenol is a fairly strong precipitant of the plasma proteins but 
may be used. The best indicator found by McClendon, Russell, and 
Tracy is ortho-chrom-T, which they obtained from the Farbwerke 
vorm. Meister Lucius und Briining, Hoechst. This indicator, which is 
used as a photosensitizer, is easily oxidized by air, but is not appre- 
ciably affected during the short period necessary to make a deter- 
mination. 

Reagents. 

1. Potassium oxalate, v30 per cent. 

2. Sodium carbonate, 0.01 N. 

3. Barium hydroxide, 0.05 N. 

4. Paraffin oil. 

5. Ortho-chrom-T indicator solution. Dissolve 0.1 gram of the 
indicator in 10 cc. of alcohol and mix with 90 cc. 
of distilled water. Keep in a bottle with a 
dropping pipette. 

Apparatus. — In order to prevent loss of CO 2 
from the diluted blood plasma, two methods have 
been tried. Perhaps the best is the use of the 
cup shown in Fig. 63 which has a fused-on glass 
bottom and a removable cover, which, when 
seated, gives a depth of fluid of exactly 20 
mm. Indicator in distilled water is poured into 
the cup and the plasma is introduced through 
a long fine point of a pipette into the bottom 
of the cup, causing the indicator solution to 
overflow. The cover is then quickly seated 
without air bubbles, and the cup grasped 
with a towel and rotated violently to stir up 
the contents. Tight fitting of the glass cover prevents the loss 
of CO 2 . 

Another method is the use of the cup with side neck shown in Fig. 
64. This cup has the top and bottom fused on, the distance between 
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them being exactly 20 mm., and has a side neck for filling. 4.5 cc. 
of distilled water containing the indicator arc introduced, the top 
level being up in the side neck and a layer of paraffn oil floated over 



Fig. 64. 

it. The plasma is introduced by inserting the finely drawn out tip 
of a pipette down the side neck; after introducing the plasma the 
contents are stirred with the pipette point or a needle. 

For micro determinations, the cup with side 
neck shown in Fig. 65 has been used with the 
Tluerkcr colorimeter; the top and bottom are 
fused on, being exactly lo mm. apart. This 
cup was made by the Rausch and Lomb Opti- 
cal Company. The original cups of the Buerker 
colorimeter have not the bottoms fused on and 
therefore they are liable to leak. Also the ar- 
rangement is awkward for intnKlucing plasma 
into the bottom of the cup and getting the cover 
on without air bubbles. 

The arrangement of the cup with side neck in the biological 
colorimeter is shown in Fig. 66. The cup with side neck is placed 
below the plunger cup on the left hand side, the plunger cup being 
filled with distilled water. On the right hand side a cup similar 
to Fig. 63 is placed below the plunger cup, this cup shown in Fig. 63 
being known as the accessory cup and containing a mixture of distilled 
water and plasma to give the same degree of cloudiness and yellow 
color as the plasma on the left hand side containing the indicator. 
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The plunger cup on the right hand side contains indicator in 0.01 N 
sodium carbonate solution in which it is approximately 100 per cent 
dissociated.'^'"^ 

The optical system is now theoretically symmetrical, but in practice 
is found not to be so. It seems that the indicator increases the col- 
loidal aggregation of the proteins of the plasma and hence the left 
hand side shows more cloud than the right-hand side. In order to 
avoid this, barium hydroxide is added to the plunger cup on the right- 



riG. 66. 

hand side and immediately precipitated by action of the sodium 
carbonate, forming a cloud. 

Procedure. — The blood is drawn by means of an oiled Luer syringe 
and immediately transferred to a centrifuge tube previously prepared. 
The centrifuge tube contains enough 30 per cent potassium oxalate 
solution to make 0.1 per cent in the blood (for animals double quantity 
is used). A layer of paraffin oil is floated over the potassium oxalate 
solution. The needle of the syringe is inserted into the potassium 

“The arrangement in Fig. 66 may be modified in order to avoid the cup with side 
neck by substituting for it another accessory cup as shown in Fig. 63. 
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oxalate solution and the blood is transferred to the centrifuge tube 
and immediately centrifuged. A 1 cc. pipette, graduated in 0.01 
of a cc., with a very long finely drawn out tip is inserted into the plasma 
and the plasma sucked up into it. 

Since the plasma will dilute the indicator, the indicator solution 
in the cup with the side neck is made stronger than that in the sodium 
carbonate solution used as a standard. 4'he plunger cup on the left 
is filled with water. In the plunger cup on the right-hand side are 
placed 5cc.of sodium carbonate solution plus2drops of 0.05 N Ba(OH )2 
solution and 3 drops of the indicator. In the cup with side neck on 
the left-hand side are placed 4.5 cc. of distilled water plus 3 drops of 
indicator, and oil is floated over it. Then the tip of the pipette con- 
taining the plasma is introduced and 0.5 cc. of plasma is allowed to 
enter, and then stirred. Since the pipette is narrow, the portion of the 
plasma that has come in contact with the air is not used and docs not 
diffuse into the portion that is used. In the accessory cup on the right- 
hand side is placed a mixture of 5 cc. of water plus 0.5 cc. of plasma, 
and the readings arc made. Since the side neck cup on the left-hand 
side is 20 mm. deep, the readings in mm. on the right-hand side divided 
by 0.2 would give the percentage dissociation of the indicator. This 
is then found on the vertical scale in Fig. 67 and the horizontal line 
run to the diagonal marked O.C.T, The point of intersection is 
traced vertically and the pU read off. 

This method was standarclized with ox serum in the Clark hydro- 
gen electrode at 27°. If there is any change in temperature or salt 
content or any variation in the indicator, it should be restandardized 
by finding one point on Fig. 67 and drawing a diagonal parallel to the 
one given for 27°. 

Since oil is troublesome to clean from the side neck of the cup, it is 
more convenient to use the cup shown in Idg. 63. This cup as made 
for McClendon, el al., holds exactly 3 cc. when the cover is seated. It is 
filled to overflowing with a mixture of 4.5 cc. of water plus 3 drops 
of the indicator and 0.3 cc, of the plasma is introduced carefully at 
the bottom avoiding any mixing until the cover is seated. The cover 
is quickly seated and the cup is grasped in a towel and rotated until 
mixed, when it is placed below the plunger cup on the left hand side 
of the colorimeter. The rest of the procedure is the same as the above. 

Note.— Dr. Sevringhaus of the University of Wisconsin Medical 
School found that barium carbonate precipitated so rapidly that he 
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substituted a gum mastic colloidal solution, made by dropping an 
alcoholic solution of gum mastic into the aqueous solution.^® 



DETERMINATION OF CALCIUM 
See pages 139, 143 and 146. 

DETERMINATION OF MAGNESIUM 

See page 264. 

•• Private communication from Dr. J. F. McClendon. 


DETERMINATION OF SILICON IN TISSUE 


499 


DETERMINATION OF INORGANIC PHOSPHATE 

See pages 346, 348, and 353. 

DETERMINATION OF CHLORIDE 

See page 159. 

DETERMINATION OF SILICON IN TISSUE 

See page 366. 

For the nephelometric determination of a number of substances in 
biological material, see Volume II. 
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URINE ANALYSIS 

TOTAL NITROGEN, UREA, AMMONIA AND AMINO-ACID NITROGEN 
DETERMINATION OF TOTAL NITROGEN IN URINE 

Folin and Farmer’ have developed a microchemical method for 
the determination of total nitrogen in urine, based on the Kjeldahl- 
Gunning process for decomposing nitrogenous materials and on the 
methods of Nessler and of Folin for the determination of ammonia. 
Rapidity in every stage of the procedure is obtained by reducing the 
amount of urine taken for an analysis. Only 1 cc. of diluted urine is 
used. This is digested with concentrated sulfuric acid, potassium 
sulfate, and a little copper sulfate as catalyzer. The potassium sul- 
fate is converted by the acid into potassium acid sulfate, which serves 
to raise the boiling-point of the sulfuric acid, and thus hastens the 
digestion. The reactions involved are, in general, illustrated in the 
determination of non-protein nitrogen in blood. (Sec p. 446.) 
The ammonia thus formed is liberated with an excess of alkali and 
carried over into an acid solution by means of an air current. The 
resulting solution is then treated with Nessler’s reagent and the color 
produced compared with that of a standard solution of an ammonium 
salt similarly treated. 

Bock and Benedict ^ have modified the Folin-Farmer procedure by 
distilling the ammonia instead of removing it by aspiration. They 
consider the distillation procedure more accurate than aspiration. 
Folin and others, however, find the aspiration procedure gives satis- 
factory results. 

McCrackan, Passamaneck and Harman recommend a simple 
apparatus that may be used for steam distillation, or aspiration, and 
that eliminates bumping and back suction. 

ij. Biol. Chem., 11,493 (1912). 

*J. Biol. Chem., 20, 47 (1915). 

» J. Lab. Clin. Med., 11, 678 (1926). 
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An Erlenmcyer flask, A , Fig. 68, clamped in position on wire gauze, 
and filled a third or less full of distilled water containing one or two 
drops of concentrated sulfuric acid, is used as a steam generator. It 
has a safety tube, B, at least thirty inches long, which is slightly con- 
stricted at its lower end. A test tube is sometimes hung* over the 
upper end to prevent the entrance of dust. A delivery tube, D, con- 
stricted a little at its lower end, leads through the rubber stoppers, C 
and E, from flask. A, into a tube or flask attached to rubber stopper, 
E. The delivery tube, D, may be bent in such a way as to cause the 
bottom of the test tube to rest on the edge of the gauze that supports 
the flask. A, making it pos- 
sible to heat both with one 
burner. Similarly a second 
delivery tube, F, with a 
much constricted outlet, 
leads through rubber stop- 
pers, E and G, into dilute 
acid in a tube or volumetric 
flask, /, which is attached 
to rubber stopper, G, The 
tube, II, that leads from 7, 
may be attached to a pump, 
if the apparatus is to be 
used for aerating. It can 
be further improved as 
aeration apparatus by mak- 
ing the delivery tube, F, from one of Folin’s 30 cm. aeration 
tubes, which ends in a bulb with numerous perforations, and it can be 
still further improved by causing the air entering flask A, to pass 
through another of these tubes substituted for tube B, This can be 
accomplished by removing or by capping B with a piece of rubber 
tubing plugged with a glass rod and having the Folin tube pass through 
a third hole in stopper, C, into the dilute acid in flask A . In such an 
arrangement it would only be necessary to remove the rubber cap 
from one of the tubes leading into flask A, to the other, to change an 
aeration outfit into one for distillation, or vice versa. 

Rose ^ has used an apparatus combining the aeration and distilla- 
tion methods and uses perchloric acid and hydrogen peroxide in the 

*], Biol. Chem., 64, 253 (1925). 
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digestion. The method is rapid and accurate. It should be pointed 
out, however, that the use of too much perchloric acid must be care- 
fully avoided,''* otherwise a serious loss of nitrogen will result from the 
oxidation of part of the ammonia to free nitrogen. 

In the direct Nesslerization method of Koch and McMeekin® the 
organic matter is destroyed by digestion with sulfuric acid and hydro- 
gen peroxide. The resulting solution is Nesslerized directly and 
matched against a standard. 

Folin and Denis ^ have used a direct Nesslerization method in 
which a small amount of urine is digested with a phosphoric acid-sul- 
furic acid-copper sulfate mixture to destroy the organic matter. The 
resulting solution is treated directly with Nessler’s reagent and the 
color obtained matched against a standard. 

Method A: Microchemical Method of Folin and Farmer^^ 

Reagents. 

1. Sulfuric acid, sp. gr. 1.84. 

2. Hydrochloric acid, 0.1 N. 

3. Sodium hydroxide. Use a saturated solution. 

4. Potassium sulfate. 

5. Copper sulfate, 5 per cent. 

6. Nessler’s reagent. (See p. 447.) 

7. Standard ammonium sulfate. Use only the pure salt. Pyri- 
dine bases are present in all ammonium salts. These bases titrate like 
ammonia but do not react with Nesslcr’s reagent. 

Pure ammonium sulfate may be prepared by decomposing a good 
grade of ammonium salt with sodium hydroxide and passing the 
liberated ammonia into pure sulfuric acid. The salt thus obtained 
is precipitated by the addition of alcohol, is redissolved in water, 
again precipitated with alcohol, and finally dried in a desiccator over 
sulfuric acid. 

Pyridine-free ammonium salts can now be obtained on the market. 

Procedure. — Transfer 5 cc. of urine to a 50 cc. volumetric flask if 
the specific gravity of the urine is over 1.018, or to a 25 cc. flask if the 

Mears and R. E. Hussey, J. Ind. Eng. Chem., 13, 1054 (1921); cj. J. H. Yoe, 
Ann, chim. anal. chim. appl, |2], 7, 193 (1925). 

® J. Am. Chem. Soc., 46, 2066 (1924). 

’ J. Biol. Chem., 26, 486 (1916). 

Biol. Chem., 11, 493 (1912). 
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specific gravity is less than 1.018. The purpose is to dilute the urine 
so that its nitrogen content is between 0.75 and 1.5 mg. per cubic 
centimeter. The flask is filled to the mark with ammonia-free water 
and the solution thoroughly mixed. One cubic centimeter of the 
diluted urine is then measured into a large Pyrex test tube (20 to 25 
mm. X 200 mm.). Add to this I cc. of sulfuric acid, sp. gr. 1.84, 1 
gram of potassium sulfate, 1 drop of 5 per cent copper sulfate solution, 
and a small, clean, quartz pebble or glass bead (to avoid bumping). 
Boil the mixture over a micro-burner for about 6 minutes, i.e., about 2 
minutes after the mixture has become colorless, taking care not to have 
the flame so high as to unduly heat the test tube above the liquid. 
Allow the digestion mixture to cool (usually about 3 min.) until it 
begins to become viscous, but do not let it solidify. Add about 6 cc. 
of water, at first a few drops at a time, then more rapidly so as to pre- 
vent solidification. To this acid solution is then added an excess of 
sodium hydroxide (3 cc. of saturated solution — see Note 3) and the 
ammonia thus set free is aspirated by means of a rapid air current 
into a 100 cc. volumetric flask containing about 20 cc. of ammonia- 
free water and 2 cc. of 0.1 N hydrochloric acid. Figure 69 illustrates 
the apparatus for use with compressed air. Fig. 70 that for use with 
suction. In case suction is employed, collect the ammonia in a 
large Pyrex test tube containing 2 cc. of O.l N hydrochloric acid and 
about 5 cc. of ammonia-free water, and then transfer the ammonium 
salt to the volumetric flask with 40 or 50 cc. of ammonia-free water. 
The air current should be only moderately rapid for the first 2 minutes 
but thereafter it should be run for 8 minutes at the maximum speed the 
apparatus will permit. 

Dilute the contents of the flask to about 60 cc. with ammonia-free 
water, and similarly dilute 1 mg. of nitrogen in the form of ammonium 
sulfate in a second volumetric flask. Nesslerize both solutions -as 
nearly as possible at the same time with 5 cc. of Ncfesler’s reagent, 
diluted, immediately before using, with about 25 cc. of ammonia-free 
water. When thus diluted turbidity is avoided. The two flasks are 
filled to the mark with ammonia-free water, mixed thoroughly, and 
the solutions matched in a colorimeter. 

Calculation. 

fading of standard _ nitrogen in the volume of urine taken. 

Reading of unknown 
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Notes. 

1. The color produced in the above reaction does not reach tlu- 
maximum intensity until the end of about half an hour, but the 
increase is small and is immaterial to the result when the reagent is 
added as described, i.e., practically simultaneously to both unknown 
and standard solutions. 

2. The colors are easily matched. Diffused daylight is best but a 
fairly accurate reading may be made with an electric light provided 



Fig, 69. — Folin and Farmer Aeration Fig. 70. -Fulin ami Farmer Aeration A}>- 
Apparatus for use with Compressed paratus for use with Suction. [J. Biol. 

Air. [J. Biol. Chem., 11 , 499 (1912)] Chem., 11 , 500 (1912)]. 

a sheet of smooth white paper is interposed between the source of light 
and the colorimeter. Careful adjustment of the instrument so as to 
obtain equal illumination in both fields is, of course, necessary. 

3. The 3 cc. of saturated sodium hydroxide solution is conveniently 
added to the digestion mixture by sucking it up into a glass tube 
which extends to the bottom of the test tube and through which the 
air is forced through the alkaline mixture. By means of a short 
rubber tube and a pinchcock the tube is temporarily used as a pipette 
to transfer the alkali. 
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Method B: Bock-Benedict Modification of the Folin-Farmer 
Method'^ 

Reagents.— Same as those used in Method A. 

Procedure. — The distillation apparatus is illustrated in Fig. 71. 
It consists of a small 
Liebig condenser made as 
follows: A piece of glass 
tubing 30 mm. X 150 
mm. is fitted on each 
end with a doublc-holcd 
stopper. A long glass 
tube with an inside di- 
ameter about 5 mm. is 
inserted through the 
stoppers and serves as 
a condensing tube. Two 
short bent tubes serve 
as inlet and outlet for 
the cooling wateL The 
lower end of the condenser tube is connected with an old pipette (to 
prevent back suction) which extends into the volumetric flask used as a 
receiver. The distillation test tube is fitted with a two-hole rubber 
stopper. Through one hole passes a long tube, reaching almost to the 
bottom of the test tube, while through the second hole passes a short 
tube, bent for connecting to the condenser. 

The digestion is carried out as directed by Folin and Farmer. After 
the mixture has partially cooled, add 7 cc. of ammonia 7 free water. Fill 
the long tube with 3 cc. of saturated sodium hydroxide solution by 
suction and close by means of a short rubber tube and a pinchcock. 
Stopper the test tube by inserting the two-holed rubber stopper and 
connect the outlet with the condenser. Two cubic centimeters of 0.1 
N hydrochloric acid and enough ammonia-free water to cover the con- 
necting tube are put into the receiving flask. The alkali is run into 
the test tube, the liquids mixed by blowing a few bubbles of air through 
the apparatus, and the mixture then heated to vigorous boiling (over 
a large free flame) , the distillation being continued until a separation of 
salts occurs in the test tube and the mixture begins to bump. The 

»J. Biol. Chem., 20, 47 (1915). 



Fig. 71. — Bock and Benedict Distillation Apparatus. 
IJ. Biol. Chem., 20, 57 (191.^.) 
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distillation requires about 2 minutes. When distillation is complete 
disconnect the test tube from the condenser and wash the latter with 
a few cubic centimeters of water. Dilute the liquid in the receiving 
flask and Nesslerize as in the Folin and Farmer method. (See p. 503.) 

Notes. 

1. It is advisable for a person, using this method for the first time, 
to check his results carefully. 

2. Use only ammonia-free reagents. 

Method C : Direct Nesslerization Method of Koch and 
McMeekin ‘ ^ 

Reagents. 

1. Sulfuric acid, 1:1. 

2. Hydrogen peroxide, 30 per cent. Use Merck’s Superoxal or 
Kahlbaum’s Perliydrol. Keep in a cool place and away from direct 
sunlight. Do not allow the liquid to come in contact with the skin. 
Its vapors are very irritating to the mucous membrane, and, hence, a 
pipette must not be used in the usual way to measure out the liquid. 
Since hydrogen peroxide solutions may contain appreciable amounts 
of nitrogen, a “ blank ” determination must be made on each new lot 
and a correction applied to the analyses if necessary, or the peroxide 
should be properly redistilled from a slightly acid solution before it is 
used. 

3. Modified Nessler-Folin reagent. Dissolve 22.5 grams of iodine 
in 20 cc. of water containing 30 grams of potassium iodide. After 
the solution is complete, add 30 grams of pure metallic mercury, and 
shake the mixture well, keeping it from becoming hot by immersing 
in tap water from time to time. Continue this until the supernatant 
liquid has lost all of the yellow color due to iodine. Decant the super- 
natant aqueous solution and test a few drops with about 1 cc, of a I 
per cent soluble starch solution. Unless the starch test for iodine is 
obtained, the solution may contain mercurous compounds. To the 
remaining solution add a few drops of an iodine solution of the same 
concentration as employed above, until a faint excess of free iodine can 
be detected by adding a few drops to 1 cc. of the starch solution. 
Dilute to 200 cc. and mix well. 


»» J- Am. Chem. Soc., 40, 2066 (1924). 
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To 975 cc. of an accurately prepared 10 per cent sodium hydroxide 
solution, now add the entire solution of potassium mercuric iodide 
prepared above. Mix thoroughly and allow to clear by standing. 

This solution is to be used in the proportion of 10 cc. per 100 cc. of 
solution to be Nesslerized, except in special cases where a great excess 
of acid is present, as in the direct Nesslerization methods. In such 
methods one should aim to add an amount of the reagent sufficient to 
insure the same alkalinity in the unknowns as in the standards. 

This modified reagent is an improvement over the Folin-Nesslcr 
reagent in that the solution never separates a dark green precipitate of 
mercurous compounds and also that it is not likely to cause turbidity 
when added to the ammonia solutions. The reagent is very slightly 
more sensitive than the original and the Nesslerized solutions remain 
clear for days. 

4. Standard ammonium sulfate solution. — Prepare a solution con- 
taining 1 mg. of nitrogen per 5 cc. Use only ammonium sulfate 
known to be free from pyridine bases. (See p. 502.) 

Procedure. — Transfer 5 cc. of the well-mixed urine to a 50 cc. 
graduated flask, dilute to the mark and thoroughly mix. (If the 
specific gravity of the urine is over 1.018, dilute to 100 cc.) The 
amount taken for analysis should contain between 0.3 and 1.0 mg. of 
nitrogen. 

Pipette 1 cc. of the diluted urine into a Pyrex test tube (20 X 2.5 
cm.). Add to this 1 cc. of the 1 : 1 sulfuric acid and heat the tube 
over a free flame (with shaking) or on a sand-bath until the water has 
been driven olT. Then heat over a micro-burner until dense white 
fumes of sulfuric acid fill the tube. Let cool 20 or 30 seconds,, add I 
to 5 drops of 30 per cent hydrogen peroxide solution, and continue 
h«ating over the micro-burner. If the liquid remains colorless upon 
reheating until dense white fumes appear, continue gentle boiling for 
2 to 5 minutes. Should the liquid again become discolored, add 
several drops of the peroxide and repeat the heating. After digestion 
is complete, cool the liquid, transfer it quantitatively to a 100 cc. volu- 
metric flask, and dilute to about 75 cc. Then add 15 cc. of the mod- 
ified Nessler-Folin reagent, make up to 100 cc., mix well, and after 
5 to 20 minutes compare with a standard. To prepare the standard, 
mix 1.5 to 5 cc. of the standard ammonium sulfate solution (represent- 
ing 0.3 to 1.0 mg. N) and I cc. of 1 : 1 sulfuric acid solution in a 100 cc. 
volumetric flask, dilute to about 75 cc., add 15 cc. of the modified 
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Nessler-Folin reagent, dilute to the mark, and thoroughly mix. Pre- 
pare the standard along with the unknown. 


Calculation. 

Reading of standard X mg. N in standard 
Reading of unknown 


mg. of nitrogen per cubic 
centimeter of diluted 
urine used. 


Notes. 

1. A factor which must be carefully controlled is the volume of 
Nessler reagent added, because the variation in alkalinity affects the 
intensity of the color. It requires approximately 8.3 cc. of the mod- 
ified Nessler reagent (containing 8.4 per cent of sodium hydroxide) to 
neutralize the acid used in the digestion. If now an additional 6.7 cc. 
of Nessler reagent is added for every 100 cc. of final volume Nesslcr- 
ized, very nearly the same alkalinity will be obtained in every dilution, 
that is, a titratable alkalinity equivalent to about 0.56 per cent sodium 
hydroxide. The most satisfactory results are obtained by always pre- 
paring the standards containing 1 cc. of the 1 : 1 sulfuric acid in exactly 
the same volumes as the unknowns. By so doing the alkalinities and 
excess of reagent are so nearly identical that theoretical values are 
easily obtained. When the Nesslerization is conducted in a 50 cc. 
volume, 12 cc. of the Nessler reagent should be used, and the standard 
should be similarly prepared in a 50 cc. volume. 

2. Koch and McMeekin do not recommend the use of this macro- 
procedure in place of the usual macro-Kjcldahl because the reagent 
is costly as compared with potassium and copper sulfates. They do, 
however, consider the use of hydrogen peroxide very desirable in 
preventing the troublesome foaming so common with substances high 
in fats and carbohydrates. Moreover, the method is very rapid. 

3. No ammonia is lost in this digestion, even in the presence of 
chlorides. Also, changes in alkalinity or in concentration of sulfate 
brought about by differences in length of time of digestion are negli- 
gible factors. 


Method D : Direct Nesslerization Method of Folin and Denis ^ ^ 

Reagents. 

1. Sodium hydroxide, 10 per cent. 

2. Phosphoric-sulfuric acid-copper sulfate solution. Mix 100 cc. 
“ J. Biol. Chem., 26, 486 (1916). 
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of sulfuric acid, sp. gr. 1.84, 300 cc. of 85 per cent phosphoric acid, 
and 15 cc. of 10 per cent copper sulfate solution. Filter if necessary 
and keep well stoppered. Use only ammonia-free reagents. 

3. Nessler reagent. Use a Nessler reagent containing 5 to 6 per 
cent mercuric potassium iodide, HgU-KI, and 2 per cent sodium hy- 
droxide. 

4. Standard ammonium sulfate solution. Prepare a solution con- 
taining 1 mg. of nitrogen per 20 cc. Use only pyridine-frcc ammo- 
nium sulfate. (See p. 502.) 

Procedure.— Use urine diluted so that 1 cc. contains from 0.7 to 
1.5 mg. nitrogen. When the urine has a specific gravity of 1.018 or 
less it should be diluted 1 to 5; when the specific gravity is between 
1.018 and 1.030, dilute I to 10; and when over 1,030, dilute 1 to 20. 

Transfer with an Ostwald pipette 1 cc. of the diluted urine to a large 
Pyrex test tube, and with an ordinary pipette add 1 cc. of the phos- 
phoric-sulfuric acid-copper sulfate solution. Drop into the tube a 
clean, quartz pebble or a piece of granite to avoid bumping, and heat 
over a micro-burner until almost all of the water has been expelled 
as indicated by the absence of foaming and the appearance of dense 
white fumes of sulfuric acid, d’his should require only 2 or 3 minutes. 
When the fumes appear, cover the test tuljc with a watch-glass and 
continue heating at a rate which will keep the tube filled with the acid 
fumes but with very little escaping. Within 3 minutes from the time 
the tube is closed the digestion mixture should become clear, and 
bluish or light green. Continue gentle heating for 30 to 60 seconds. 
The total heating period must not be less than 2 minutes, counting 
from the time the tube was closed. Remove the flame, let the tube 
cool for 2 minutes, add water, and rinse the digestion mixture into a 
250 cc. volumetric flask with about 150 cc. of water. 

Determine the acid content in I cc. of the phosphoric-sulfuric acid 
mixture by titrating with 10 per cent sodium hydroxide solution, using 
phenolphthalein as indicator. Then add to the diluted digestion mix- 
ture 1.4 times the titrating value obtained, plus 2 cc. for alkalinity. 
Into another 250 cc. volumetric flask, introduce 20 cc. of the standard 
ammonium sulfate solution and 1 cc. of the phosphoric-sulfuric acid 
mixture. Dilute with about 125 ce. of water, add the same amount of 
sodium hydroxide as added to the unknown and mix well. Then add 
to each flask 15 cc. of the Nessler reagent, mix quickly, fill to the 
mark with water, and thoroughly mix. 
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In case the unknown is turbid, centrifuge or filter (through a small 
cotton plug) a portion to obtain a crystal-clear solution before Ncsslcr- 
izing. If the white sediment (silica) after Nesslcrizing is mixed with 
a red deposit the detennination was not successful and it must be 
repeated. Place the unknown and standard in the colorimeter cups 
and compare their colors. 

Calculation. 

Reading of standard , . . . . r n . i • 

- — — — = mg. of nitrogen in the amount of diluted urine 

Reading of unknown 

Note.— It is advisable to run a “ blank ” determination on the 
reagents. 


DETERMINATION OF UREA 

The urea is converted into ammonium carbonate by means of the 
enzyme urease, in the presence of a phosphate buffer solution which 
also catalyzes the conversion. The ammonia may be distilled off, 
removed by aeration, or determined directly by Ncsslerization. 

Method A: Direct Nesslerization Method of Folin and 
Young BURG ^ - 


Reagents. 

1. “ Permutit.” This material is a synthetic aluminum silicate 
obtained from the Permutit Company, New York City. Use only 
60 to 80 mesh preparation. Wlien added to water it should settle 
in a few seconds and should not make the water turbid. It may be 
used repeatedly if after each use it is first washed with water, then with 
2 per cent acetic acid solution, and finally with water. 

2 . Alcoholic urease solution. Place about 3 grams of ‘ ‘ Permutit ’ ’ in 
a flask, wash once with 2 per cent acetic acid solution and twice with 
water. Add 5 grams of fine jack bean meal and 100 cc. of 30 per cent 
alcohol. Shake gently but continuously for about 15 minutes and 
filter. The filtrate contains practically the whole of the urease and 
extremely little other materials. ♦ 

3. Buffer solution. Dissolve 142 grams of Na 2 HP 04 and 120 

Folin and Youngburg, J. Biol. Chem., 88, 111 (1919); Youngburg, ibid., 46, 319 
( 1921 ). 
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grams of NaH2P04 (or the equivalent amounts of the crystalline salts) 
in water and dilute to a liter. 

4. Nessler’s reagent. See page 447 for the preparation of Nes- 
sler’s reagent according to Folin and Wu. 

5. Standard ammonium sulfate solution. Use only pyritline-free 
ammonium sulfate. (See p. 502.) 

Procedure.— Dilute 5 cc. of urine to 50 cc. (10 to 50 if very dilute 
urine) and mix well. Place 3 to 4 grams of dry “ Permutit ” in a wide- 
bottom flask, preferably a 200 or 250 cc. volumetric flask, and add 20 
to 25 cc. of the diluted urine. Agitate for 5 minutes. Allow to settle 
about 30 seconds and then pour through a thin filter paper (known to 
be free from an appreciable amount of ammonia). If there is no 
“Permutit dust,” the urine may be decanted without filtering. The 
ammonia is completely removed. 

Add 1 cc. of the alcoholic urease solution and 1 drop of the buffer 
solution to 1 cc. of the diluted urine (dilution usually 1 : 10) in a test 
tube, and digest in a beaker of warm water (40-55° C.) for 5 minutes or 
at room temperature for 15 minutes. Then transfer the contents of 
the tube to a 200 cc. volumetric flask and dilute to about 150 cc. with 
ammonia-free water. Prepare a standard in another 200 cc. flask by 
adding 1 mg. of nitrogen in the form of ammonium sulfate and 1 cc. of 
the urease solution, and dilute to about 150 cc. with ammonia-free 
water. Then add 20 cc. of Nessler’s reagent to each flask, dilute to the 
mark, mix thoroughly, and compare the two solutions in a colorimeter. 

Calculation. 


Reading of standard 
Reading of unknown 


mg. urea N in 0.1 cc. of undiluted urine. 


Method B: Rose and Coleman Colorimetric Modification of 
THE Van Slyke and Cullen Titration Method 


Reagents. 

,1. Hydrochloric or sulfuric acid, 0.02 N. 

2. Potassium carbonate. Use a saturated solution. 

3. Enzyme reagent. Dissolve 2 grams of enzyme preparation, 0.6 
gram of K2HPO4, and 0.4 gram of KH2PO4 in 10 cc. of water. Cover 

^*Rose and Coleman, Biochem. Bull,, 3, 411 (1914); Van Slyke and Cullen, J. Biol. 
Chem., 19, 141 (1919); see also. Van Slyke and Cullen, J, Am. Med. Assocn., 62, 1558 
(1914); cf. Hawk and Bergeim, Practical Physiological Chemistry, 9th ed., p. 722, P. 
Blakiston’s Son and Co., Philadelphia, 1926. 
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►Tb Suctiort 


the slightly opalescent solution with toluene. The solution will retain 
its activity for two weeks. 

Satisfactory preparations of urease in tablet or powder form may 
be obtained from Hynson, Wcstcott, and Dunning, Baltimore, Md., 
and from the Arlington Chemical Co., Yonkers, N. Y. For a method 
of preparing the urease, see Van Slyke and Cullen, J. Biol. Chem., 19, 
211 (1914). 

4. Caprylic alcohol. 

5. Standard ammonium sulfate solution. Use only the pure salt. 
(Sec p. .S02.) 

Procedure. Figure 72 illustrates the aeration apparatus of Van 

Slyke and Cullen, and 
their technique is as follows; 
Dilute 5 cc. of urine to .SO ce. 
with ammonia-free water. 
Add to tube A, 5 cc. of the 
diluted urine, 1 drop caprylic 
alcohol (to prevent frothing), 
and I cc. of the enzyme re- 
agent. Stopper tube A as 
shown in the figure and let 
stand for 15 minutes to 
allow complete decomposi- 
tion of the urea. No harm 
is done if the solution stands 
longer, but the time must not 
be cut .shorter unless more 
enzyme is used. While the 
enzyme is acting, measure 
into tube B 25 cc. of 0.02 
N hydrochloric or sulfuric 
acid and connect the tubes 
as shown in the figure. After 
the solution in tube A has stood 15 minutes, aspirate for one-half 
minute to remove any free anunonia. Then introduce into tube A 5 
cc. of a saturated solution of potassium carbonate, close the tube at 
once, and aspirate until all the ammonia has been carried over into 
tube B. From 5 to 30 minutes will be required to complete the aspira- 
J. Biol. Chem., 19, 217 (1914). 
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Fig. 72. — Van Slyke and Cullen Aeration 
Api)aratus. 
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tion, depending upon the t}pc of pump employed. When aspiration 
is complete, disconnect, taking care to avoid back suction, and Ness- 
lerize the solution in B as in the Folin and Farmer method for total 
nitrogen. (Sec p. 502). Compare the Nesslcrized unknown and 
standard solutions in a colorimeter. 

DETERMINATION OF AMMONIA 

Method of Folin and Bell or “ Fermutit ” AIethod'*'^ 

The development of this method arose from the need of a suitable 
absorbent for ammonia to take the place of Merck’s purified blood 
charcoal which was not available in America during the World War. 
Other charcoals were found unsatisfactory since they failed to abstract 
creatinine. The substance finally adopted by Folin and Bell is a 
synthetic mineral, an “ aluminate silicate ” or ‘‘ exchange silicate,” 
a zeolite, discovered by Gans.^*'* It possesses in a high degree the 
peculiar absorptive properties characteristic of some of the natural 
zeolites, and is manufactured and used on a large scale for the “ soften- 
ing ” of water and for other industrial puq)oses. The crude product 
is sold under the trade name “ Permutit ” and a purified form is used 
for ammonia determinations. 

The essential mechanical feature of the new reagent is that it is a 
clean, moderately fine (60 to 80 mesh for ammonia), insoluble powder 
which gives off no dust or turbid material to water, and settles, like 
sea sand, from water in the course of a few seconds. By virtue of this 
novel feature the absorbed ammonia can be separated (quickly by de- 
cantation of the solution which contained it. 

The removal of ammonia by this mineral reagent is not an adsorp- 
tive phenomenon. “ The reagent is a complex insoluble sodium salt 
containing active, i.e., easily replaceable, sodium, and the absorption 
of ammonia involves the replacement of a part of this sodium by 
ammonia. The chemical affinity of the active group in the reagent 
for ammonia is remarkably strong, so that under suitable conditions 
the exchange becomes quantitative as far as the ammonia is con- 
cerned. The reaction is a reversible one, however, and in the presence 
of more than small amounts of soluble sodium salts, or other electro- 
lytes, the equilibrium reached does not represent a quantitative 

«J. Biol. Chem., 29, 329 (1917). 

“ Jahrb, k, preuss. Gcol. Landesanstalt, 26, 179 (1905); ibid., 27, 63 (1906). 
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absorption of the ammonia.” Notwithstanding the balanced char- 
acter of the reaction, there is, however, an adequate margin of safety 
when working with urine, provided an attempt is not made to work 
with too much ammonia. 

Although the chemical reaction involved in the absorption of 
ammonia by this reagent is apparently one between a solid and a solu- 
tion, it should be mentioned that the solid powder contains about 20 
per cent of water of hydration and that removal of this water by heat 
causes a loss in the activity of the reagent. Even gentle dry heat 
(100° C.) greatly reduces the activity of the reagent. 

Ammonia is absorbed best from neutral solutions, but is also 
absorbed well from weakly acid solutions. The presence of much acid 
should be avoided since the reagent is soluble in acids. Ammonia 
is not absorbed in alkaline solutions. Indeed, the usefulness of the 
reagent depends on the fact that upon the addition of alkali hydroxide 
the absorbed ammonia is again set free. 

Everyone purchasing a supply of the reagent should determine for 
himself how long the Nesslerization mixture must stand to develop 
the maximum intensity of color. Folin and Bell found that with their 
reagent not less than 95 per cent of the theoretical value was obtained 
in 2 to 3 minutes, and substantially theoretical figures were obtained 
in 10 to 15 minutes, or less. If the absorbed ammonia is left in the 
powder over night the liberation of ammonia takes a little longer and 
the result may be 2 to 3 per cent low. 

An important characteristic of the “ Permutit ” reagent is that it 
docs not appreciably deteriorate with use. After washing away the 
Nesslerized ammonia and surplus alkali first with water, then with 2 
per cent acetic acid, then once more with water, the powder remain- 
ing is just as efficient as before for the absorption of more ammonia. 
In practice, the single charges may be rinsed slightly and poured into 
a cylinder until a sufficient quantity for recovery has been collected. 

Reagents. 

1. Sodium hydroxide, 10 per cent. 

2. “ Permutit.” 

3. Ncssler’s reagent. Use the modified Nessler-Folin reagent. 
(See p. 506.) 


Folin and Bell, loc, cii. 



DETERMINATION OF AMINO-ACID NITROGEN 


515 


Procedure. — Place about 2 grams of “ Permutit ” in a 200 cc. volu- 
metric flask, add about 5 cc. of water (no more), and with an Ostwald 
pipette introduce 1 or 2 cc. of urine, or with a 5 cc. pipette introduce 5 cc. 
of previously diluted urine (corresponding to I or 2 cc. of the original 
urine). With urines having a very low ammonia content it may be 
necessary to use more urine (5 cc.), but insofar as it is practicable, it 
is better not to use more than 2 cc. and to employ a weaker standard 
(0.5 mg. of ammonia nitrogen) for the color comparison. Rinse down 
the added urine by means of 1 to 5 cc. of water, and shake gently but 
continuously for 5 minutes. Rinse the powder to the bottom of the 
flask by the addition of 25 to 40 cc. of water and decant. Add water 
once more and decant. (In the case of urines rich in bile it is advisable 
to wash once or twice more.) Add a little water to the powder, intro- 
duce 5 cc. of 10 per cent sodium hydroxide, mix, and then add more 
water until the flask is about three-fourths full. Shake for a few 
seconds and then add 10 cc. of Folin’s modified Nessler reagent. Mix, 
let stand for 10 minutes (or longer), fill to the mark, thoroughly mix 
and compare in a colorimeter with a 1 mg. nitrogen standard similarly 
prepared. Unless the standard is deep red and perfectly clear it must 
be discarded and a fresh one made up. 


Calculation. 


Reading of standard 
Reading of unknown 


= mg. of ammonia nitrogen in the amount 
urine used. 


of 


DETERMINATION OF AMINO- ACID NITROGEN BY THE METHOD 
OF FOLIN 1" 

The urine is first treated with “ Permutit ’’ to remove ammonia and 
then with naphthaquinone sulfonic acid, which gives a red color. The 
colored solution is matched against a standard amino-^cid solution. 

Reagents. 

1. Sodium carbonate solution. Dilute 50 cc. of an approximately 
saturated solution to 500 cc. Titrate 20 cc. of 0.1 N hydrochloric acid 
with the carbonate solution, using methyl orange as an indicator. 
Dilute the carbonate solution so that 8.5 cc. are equivalent to 20 cc. of 
0.1 N acid. This gives about a 1 per cent carbonate solution. 

WJ. Biol. Chem., 51, 393 (1922). 
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2. Acetic acid-acetate solution. Mix 100 cc. of 50 per cent acetic 
acid with 100 cc. of a 5 per cent solution of sodium acetate. 

3. Sodium thiosulfate solution. Prepare a 4 per cent solution of the 
crystalline salt. 

4. Amino-acid reagent. Prepare a 0.5 per cent solution of the 
sodium salt of i3-naphthaquinone sulfonic acid. Use a freshly prepared 
solution. For a method of preparing the quinone, see Folin, J. Biol. 
Chem., 61 , 386 (1922). 

5. Standard amino-acid solution. The following may be used: 
Glycocoll, leucine, tyrosine, or phenylalanine. Prepare a solution 
containing 0.1 mg. of nitrogen per cubic centimeter. 

Procedure. — Dilute 5 or more cc. of urine to a volume of 25 cc. 
in a 50 cc. Erlenmeyer flask. Add 2 to 3 grams of “ Permutit ” ^ and 
agitate very gently, but continuously, for 5 minutes. Decant the 
supernatant urine into another 50 cc. flask. Again add 2 to 3 grams 
of “ Permutit,” and shake as before for 5 minutes. By this double ex- 
traction with ‘‘ Permutit” every trace of ammonia is removed. Decant 
the supernatant urine into a flask or test tube. It may be a little 
turbid, but this fact does not interfere with the determination. 

To test tubes graduated at 25 cc. add 1,2, and 3 cc., respectively, 
of a standard glycocoll solution in 0.1 N hydrochloric acid plus 0.2 per 
cent of sodium benzoate. This standard solution should contain 0.1 
mg. of glycocoll nitrogen per cubic centimeter. To these tubes add 
1,2, and 3 cc., respectively, of the 1 per cent sodium carbonate solu- 
tion (1 cc. of sodium carbonate for each cubic centimeter of 0.1 N 
hydrochloric acid present). Dilute the contents of each test tube to a 
volume of 10 cc. 

Transfer 5 cc. of the ammonia-free (usually diluted) urine to 
another test tube graduated at 25 cc. Add 1 cc. of 0,1 N hydrochloric 
acid and 1 cc. of the 1 per cent sodium carbonate solution. Dilute to 
10 cc. Dissolve 250 mg. of the amino-acid reagent in 50 cc. of water, 
and add 5 cc. of this solution to each standard and to the unknown 
urine. 

Mix and set in a dark place overnight. It is often advisable to 
take out the test tubes and inspect them after they have stood 10 to 

^*The special “Permutit” to be used is that prepared by the Permutit Company of 
New York. The product is now probably obtainable from any of the leading American 
dealers in chemicals. It is, of course, essential to know that the product is active 
towards ammonia. 
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15 minutes. If the test tube containing the urine appejjrs much darker 
than the darkest standard, as may happen, especially in connection 
with experiments planned to produce excessive amino-acid excretion, 
it is, of course, necessary to start another sample of the urine, taking 
only I, 2, or 3 cc. and treating it in the same way as the first sample, not 
omitting to provide for a final volume of 15 cc. 

The following day the standard and the unknown or unknowns are 
first acidified by the addition of 1 cc. of the acetic acid-acetate solu- 
tion. To each are then added 5 cc. of the 4 per cent sodium thiosul- 
fate solution. The contents of all the tubes are diluted to a volume 
of 25 cc. and, after mixing, the color of the unknown is read against 
that of the standard having most nearly the same intensity of color. 

For the calculation it is, of course, essential to know which stand- 
ard is used, and the actual volume of undiluted urine taken for the 
determination. 



CHAPTER XLIX 


URINE ANALYSIS— Continued 

CREATININE, CREATINE, URIC ACID, SUGAR, PROTEINS, PHENOLS, 
MANGANESE, HYDROGEN ION, ETC. 

DETERMINATION OF CREATININE 

When creatinine and an alkaline solution of picric acid are mixed, 
a red solution is obtained, due to the formation of a red tautomer of 
creatinine picrate. This reaction is known as Jaffe’s reaction. (See 
P.4S7.)_ 

Until 1914,^ half normal potassium bichromate solution was used 
as the standard for measuring the color obtained in the reaction of 
creatinine with picric acid and alkali hydroxide. “ That the bichro- 
mate has been serviceable for the puq)ose is evidenced by the fact 
that no other standard has ever been proposed. Potassium bichro- 
mate is, however, by no means ideal as a general standard of measure 
for the color comparisons involved in creatinine determinations. For 
determinations in ordinary urines containing 7 to 15 mg. of creatinine 
in a volume of 5 to 15 cc. it may be regarded as satisfactory. For 
more dilute urines (or creatinine solutions) obtainable in unlimited 
quantities, a fair degree of accuracy can be obtained with the bichro- 
mate standard by using the proportions of picric acid and alkali rec- 
ommended by Shaffer. “ 

‘^The use of the rigid bichromate standard imposes distinct and 
wholly unnecessary limitations on the applications of a remarkably 
flexible analytical method, and now that pure creatinine compounds 
can be prepared from urine with very little work, and pure creatinine is 
not costly, it seems a mistake to continue the use of the bichromate 
except perhaps for purely routine determinations in the course of 
ordinary urine analysis.” ^ 

1 0. Folin, J. Biol. Chem., 17, 469 (1914). 

*J. Biol. Chem., 18, 527 (1914). 

® 0. Folin, J. Biol. Chem., 17, 469 (1914). 
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Reagents. 

1. Picric acid. Prepare a saturated solution. For the prepara- 
tion of picric acid, sec page 457. 

2. Sodium hydroxide, 10 per cent. 

3. Standard creatinine solution. Dissolve 1 gram of pure crea- 
tinine (or, better, 1.602 grams of creatinine zinc chloride) in sufficient 
0.1 N hydrochloric acid to make a liter, and mix thoroughly. One 
cubic centimeter contains 1 mg. of creatinine. 

For the preparation of pure creatinine, see Folin, J. Biol. Chem., 
17 , 163 (1914) and Benedict, ibid., 18 , 182 (1914). See also Edgar and 
Hinegardner, ibid., 66, 881 (1923). For Edgar’s method of preparing 
pure creatinine zinc chloride, see page 459. 

Procedure (Folin). One cubic centimeter of the standard 
creatinine solution is measured into a 100 cc. volumetric flask and 1 cc. 
of the urine into another; 20 cc. of saturated picric acid solution 
(measured with a cylinder) arc added to each and then 1.5 cc. of 10 
per cent sodium hydroxide solution. At the end of 10 minutes the 
flasks are filled up to the mark with water and the color of the unknown 
is determined. 

Calculation. 

Read ing of s Undcuj _ creatinine in the amount of urine used. 

Reading of unknown 

If the urine shows less than two-thirds or more than one and one- 
half times the creatinine of the standard the determination should be 
repeated with more or with less urine. 

Note.— In case it is desirable to use 5 or 10 cc. of urine (or 5 or 
10 mg. of creatinine) the proportions of picric acid and alkali which 
will give stable colored solutions should be determined. 

DETERMINATION OF CREATINE 

When creatine is boiled with acid it is converted into creatinine by 
dehydration. By determining the creatinine content before and after 
the acid treatment, the amount of creatine originally present can be 
calculated. One gram of creatinine 1.159 grams of creatine. 

*]. Biol. Chem., 17,469 (1914). 
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Method A; The Folin-Benedict Method^ 

Reagents. 

« 

1. Hydrochloric acid, 1 N. 

2. Picric acid. Use a saturated solution. (For a method of pre- 
paring pure picric acid, see p. 457.) 

3. Sodium hydroxide, 10 per cent. 

4. Rochelle salt. 

5. Lead. Use powdered or granulated metallic lead. 

6. Standard creatinine solution. (See p. 459.) 

Procedure. — Measure out a volume of urine which contains 
between 7 and 12 mg. of total creatinine and transfer it to a small flask 
or beaker. Add 10 to 20 cc. of 1 N hydrochloric acid and a pinch or 
two of powdered or granulated lead. Boil the mixture over a free 
flame as slowly or as rapidly as may be desired, until very nearly down 
to dryness, and then continue heating to dryness cither on a water- 
bath, or by simply holding the vessel in the hand and heating care- 
fully for a moment or two. Let the residue stand on a water-bath for 
a few minutes until most of the excess of hydrochloric acid has been 
expelled, after which it is dissolved in about 10 cc. of hot water and 
the solution rinsed quantitatively through a plug of cotton or glass 
wool (to remove all metallic lead) into a 500 cc. volumetric flask. 
Add 20 to 25 cc. of saturated picric acid and 7 or 8 cc. of 10 per cent 
sodium hydroxide solution, which contains about 5 per cent of Rochelle 
salt. (See Note 1.) Fill the flask to the mark with water, mix 
thoroughly, and 'at the end of 5 minutes compare against a standard. 

Calculation . — Calculate the creatinine of the solution in the same 
way as given on page 519. From this value subtract the value for 
the creatinine content of the urine before dehydration. The differ- 
ence is the creatine content of the original urine in terms of creatinine. 

Notes. 

1. The Rochelle salt is added to prevent any formation of tur- 
bidity, which otherwise may occur, owing to the presence of traces of 
dissolved lead. The tartrate has no, effect whatever upon creatinine 
readings. 

2. The above method “ has been tested with pure creatine solu- 

‘ Benedict, J. Biol. Chem., 18, 191 (1914). 
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tions of widely varying concentration (from 1 mg. to 1 gram in 20 cc.), 
with normal and creatine-containing urines (human and dog), with 
urines to which known amounts of creatine have been added, and with 
beef and muscle extracts. The results have bedn invariably within 
the limits of accuracy of the colorimeter. ... It is not, however, 
applicable to urines containing glucose.”® 

For diabetic urines use the following procedure of Folin:^ Mix 10 
cc. of urine and 5 cc. of 1 N hydrochloric acid and heat the solution on 
a water-bath for 3 hours. Then dilute to 50 cc., and mix. Neutralize 
25 cc. of the diluted solution and determine the “ total creatinine ” as 
in the case of creatine alone. 

The slight darkening of the urine-hydrochloric acid mixture upon 
heating does not interfere with the analysis, since the solution is 
subsequently diluted. 


Method B; Microchemical Method of Folin® 

Enough urine to give 0.7 to 1.5 mg. of creatinine is measured into 
a weighed Erlenmeyer Pyrex flask (capacity 200 cc.). To this are 
added 20 cc. of saturated picric acid solution, about 130 cc. of water, 
and a few very small pebbles to promote even boiling. The mixture is 
gently boiled (preferably over a micro-burner) for about one hour. 
At the end of this time, increase the heat and boil down the solution 
to a little less than 20 cc. Weigh, and add enough water to make 
the total solution equal to 20 to 25 grams. Cool the solution in run- 
ning water, add 1.5 cc. of 10 per cent sodium hydroxide solution and 
determine the “ total creatinine ” as in the pre-formed creatinine 
using 1 mg. of creatinine as standard. 


Notes. 

1. The above procedure has been found to give quantitative 
results even in the presence of as much as 25 mg. of urea nitrogen, and 
50 mg. of glucose, cane sugar, lactose, or levulose. 

2. By heating the urine-acid mkture in an autoclave at a tempera- 
ture of 117 to 120° C., the analysis may be considerably shortened. 

• Benedict, J. Biol. Chem., 18, 193 (1914.) 

^Z. physiol. Chem., 41, 222 (1904). 

»J. Biol. Chem., 17, 472 (1914). 



522 


URINE ANALYSIS 


DETERMINATION OF URIC ACID BY THE BENEDICT AND FRANKE 
DIRECT COLORIMETRIC METHOD » 

This method is based upon the blue color obtained when diluted 
urine is treated directly with an arseno-phosphotungstic acid reagent 
and sodium cyanide. 


Reagents. 

1. Sodium cyanide, 5 per cent. (Poisonous!) Prepare fresh 
about every 2 months. 

2. Arseno-phosphotungstic acid reagent. Dissolve 100 grams of 
pure sodium tungstate in about 600 cc. of water, add 50 grams of 
pure arsenic pentoxide, 25 cc. of 85 per cent phosphoric acid, 20 cc. of 
concentrated hydrochloric acid, boil the mixture for about 20 minutes, 
cool, dilute to a liter, and mix. The reagent apparently keeps indefi- 
nitely. 

3. Standard uric acid solution. Prepare a standard containing 
0.02 mg. of uric acid per cubic centimeter. (See p. 462.) 

Procedure. — Dilute the urine so that 10 cc. contain between 0.15 
and 0.30 mg. of uric acid. A dilution of 1 to 20 is generally satisfac- 
tory. Measure 10 cc. of the diluted urine into a 50 cc. volumetric 
flask, add from a burette 5 cc. of 5 per cent sodium cyanide solution and 
then 1 cc. of the arseno-phosphotungstic acid reagent. Mix by gentle 
shaking, let stand for 5 minutes, dilute to the mark with distilled water, 
and mix thoroughly. Compare the resulting blue solution in a colorim- 
eter with a standard prepared simultaneously by treating 10 cc. of 
the standard uric acid solution (0.2 mg. of uric acid) in a 50 cc. volu- 
metric flask in the same way as directed for the unknown. 

Calculation. 


Reading of standard 
Reading of unknown 


X 0.2 = mg. of uric acid in 10 cc. of the diluted 
urine. 


DETERMINATION OF URIC ACID BY THE FOLIN AND WU 
COLORIMETRIC METHOD *<> 

This method is based upon the blue color obtained when phospho- 
tungstic acid and alkali are added to' a solution of uric acid. A similar 
»J. Biol. Chera., 62, 387 (1922). 

Folin and Wu, J. Biol. Chem., 38, 459 (1919); Folin, Laboratory Manual of Biologi- 
cal Chemistry, p. 141, D. Appleton and Co., New York, 1926. 
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color may be produced by certain other substances in urine, and hence 
it may be necessary to separate the uric acid from such substances. 
This is accomplished by adding silver lactate which precipitates silver 
urcate. The latter is then dissolved and treated with the uric acid 
reagent. 

Reagents. 

1. Sodium carbonate. Use a saturated solution. 

2. Sodium cyanide, 5 per cent. (Poisonous!) 

3. Sodium sulfite, 10 per cent. Keep in a small, tightly stoppered 
bottle. 

4. Silver lactate reagent. Prepare a solution containing 5 per 
cent of silver lactate and 5 per cent of lactic acid. 

5. Phosphotungstic acid reagent of Folin and Denis. Boil 100 
grams of sodium tungstate with 80 cc. of 85 per cent phosphoric acid 
and about 700 cc. of water for at least 2 hours. If the resulting solu- 
tion is very dark, add a few drops of bromine and boil for about 
15 minutes to remove the excess bromine. Cool, dilute to a liter, and 
mix. 

6. Standard uric acid solution. Dissolve 1 gram of uric acid in 
about 150 cc. of 0.4 per cent lithium carbonate solution, dilute to 500 
cc. in a volumetric flask, and mix thoroughly, 'transfer 50 cc. (cor- 
responding to 100 mg. of uric acid) to each of a series of volumetric 
liter flasks. Add to each flask about 300 cc. of water and 500 cc. of 
clear (filtered) 20 per cent sodium sulfite solution, mix, dilute to vol- 
ume, and mix thoroughly. One cubic centimeter of the diluted solu- 
tion contains 0.1 mg. of uric acid. 

Fill a series of 200 cc. bottles with the standard solution, and 
stopper tightly. The use of a series of small bottles is to reduce the 
absorption of oxygen from the air. 

Procedure.— Transfer from 1 to 3 cc. of urine to a centrifuge tube 
and add enough water to bring the volume up to about 6 cc. Add 5 cc. 
of the silver lactate reagent, stir with a very fine glass rod, rinse off the 
rod with a few drops of water, and centrifuge. If enough silver lactate 
has been added, the precipitate settles very quickly. Add a drop of 
the silver lactate reagent in order to be sure that an excess is present. 
If a precipitate is formed, add 2 cc. more of the silver lactate reagent 
and again centrifuge. The first 5 cc. of the silver lactate is almost 
always sufficient, but it is not safe to omit the test. Pour off the clear 
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supernatant liquid as nearly completely as possible, being very careful 
not to remove any of the precipitate. 

Add to the precipitate in the .tube 4 cc. of 5 per cent sodium cyanide 
solution. (Poisonous!) The cyanide solution should be added from a 
burette. Stir until a clear solution is obtained and pour into a 100 cc 
volumetric flask, rinsing the tube and stirring rod with 15 to 25 cc. of 
water. Add 5 cc. of 10 per cent sodium sulfite solution (to balance the 
sulfite in the standard uric acid solution). Dilute to a volume of 
about 50 cc. 

Transfer to another 100 cc. flask 5 cc. of the standard uric acid 
sulfite solution (containing 0.5 mg. of uric acid), add 4 cc. of the 
cyanide solution, and dilute to about 50 cc. Then add 20 cc. of sat- 
urated sodium carbonate solution to each flask, mix, and finally add 
with shaking 2 cc. of the phosphotungstic acid reagent. Let stand for 
3 to 5 minutes, fill to the mark, mix thoroughly, let settle, pour off 
the clear supernatant liquids into colorimeter cups and make the com- 
parison in the usual way, never omitting to read, first, the standard 
against itself. Artificial light (with “ daylite glass) is better than 
daylight for this color comparison. 

Calculation. 


Reading of standard 
Reading of unknown 


X 0.5 = mg. of uric acid in the amount of urine 
used. 


Notes. 

1. Precaution! Pour the discarded blue solutions directly into the 
drain pipes on account of the cyanide. 

2. Folin^ 1 recommends the use of formalin instead of the sulfite in 
the preparation of the standard uric acid solution. 


DETERMINATION OF SUGAR BY THE METHOD OF SUMNER 

Dinitrosalicylic acid reagent is added to urine and the solution 
heated. The sugar reduces the dinitrosalicylic acid and the resulting 
colored solution is compared against a standard. The reagent is 
entirely satisfactory for the determination of sugar both in normal and 
in diabetic urine. The intense colot obtained with normal urine does 
not change in value for one-half hour. 

J. Biol. Chem., 64, 159 (1922). 

J. Biol. Chem., 65, 393 (1925). 
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Reagent. — To 10 grams of crystallized phenol add 22 cc. of 10 
per cent sodium hydroxide. Dissolve in a little water and dilute to a 
volume of 100 cc. Weigh out 6.9 grams of sodium bisulfite and add 
to this 69 cc. of alkaline phenol solution. Now add a solution con- 
taining 300 cc. of 4.5 per cent sodium hydroxide, 255 grams of Rochelle 
salt (KNaC 4 H 40 G -41120), and 880 cc. of 1 per cent dinitrosalicylic acid 
solution. Mix and keep tightly stoppered in well-filled bottles. 

Procedure.— Pipette into a Folin-Wu sugar tube 1 cc. of urine (di- 
luted if necessary) and 3 cc. of the reagent. Mix and heat 5 minutes in 
boiling water. Cool 3 minutes in running water, dilute to 25 cc. vol- 
ume, mix, and compare in a colorimeter with a standard prepared with 
1, 0.5, or 0.25 mg. of glucose, according to the concentration of sugar 
in the urine. 

DETERMINATION OF SUGAR BY THE METHOD OF BENEDICT AND 
OSTERBERG 

This method is based upon the red to brown color obtained by 
heating glucose solutions with picric acid and alkali. 

Reagents. 

1. Picric acid, 0.6 per cent. This solution is best [irepared from 
dry picric acid. 

2. Sodium hydroxide, 5 per cent. 

3. Acetone, 50 per cent. Prepare fresh every day or two by 
diluting pure acetone with an equal volume of water. 

4. Purified bone-black. Treat 2,S0 grams of commercial bone-black 
with 1.5 liters of 1 : 4 hydrochloric acid and boil the mixture for about 
30 minutes. Filter on a large Buchner funnel and wash the bone- 
black with hot water until the washings are neutral to litmus. Ihe 
bone-black is then dried and powdered. Test the product before using 
by shaking 15 cc. of a glucose solution (containing 0.5 mg. of glucose 
per cubic centimeter) with 1 gram of the bone-black and determining 
the sugar in the filtrate. There should be no detectable absorirtion of 
the sugar by the bone-black. The highly absorbent animal charcoals 
now on the market should not be used lor this purpose. 

5 Standard glucose solution. Prepare a solution contaimng 1 mg. 
of pure glucose per 3 cc. The solution wiU keep indefinitely if pre- 
served with a little toluene. 

J. Biol. Chem., 48, 51 (1921). 
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Procedure. — Treat 15 cc. of urine (diluted to a specific gravity of 
not over 1.030) with about 1 gram of purified bone-black. (Smaller 
amounts of urine and bone-black may be used.) Shake the mixture 
vigorously occasionally for a period of 5 to 10 miinutes and then i'llter 
through a small, dry filter into a dry flask or beaker. From 1 to 
3 cc. of the filtrate (containing about 1 mg. of sugar) are transferred to 
a test tube graduated at 25 cc. If less than 3 cc. of filtrate is used 
dilute to exactly 3 cc. with distilled water. Add exactly 1 cc. of 0.6 
per cent picric acid solution and 0.5 cc. of 5 per cent sodium hydroxide 
solution. Next add 5 drops of 50 per cent acetone solution, taking 
care that the drops fall directly into the solution and not on the wall of 
the tube. Mix the contents of the tube, insert a cotton plug, and heat 
in boiling water for 12 to 15 minutes. The standard solution should be 
prepared simultaneously with the unknown. This is done by treating 
1 mg. of sugar in 3 cc. of solution exactly as described for the unknown. 

After heating, both tubes are removed from the boiling water, 
cooled to room temperature, made up to 25 cc, with water, mixed, and 
compared. 

Calculation. 

Reading of standard 

Reading^ unknown ~ sugar in the volume of diluted urine used. 

If the original diluted urine was diluted further, a correction for this 
must of course be made. 

Note.—Tn connection with the use of the above method, Benedict 
and Osterberg^'^ call attention to the following points: “ The quan- 
tity of the picric acid solution used must be measured with exactness, 
just as are the unknown and standard sugar solutions. Slight varia- 
tions in the alkali are not so important. Adding the same number of 
drops (about 10) to each of the tubes from the same pipette is suffi- 
cient. The acetone solution should be added last, and the tubes placed 
in the water-bath within about a minute afterwards. The diluted 
acetone undergoes some peculiar change on standing which makes old 
solutions yield somewhat irregular results. It is therefore best to pre- 
pare the acetone solution fresh every day or two. 

Each solution should be so add(;d that it falls into the bottom of 
the tube, and does not hit the sides. Standard and unknown must cor- 
respond in sugar content within reasonable limits. For a 1 mg. stand- 
J. Biol. Chem., 48, 55 (1921). 
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ard, satisfactory results can be obtained for an unknown solution con- 
taining between 0.75 and 1.75 mg. of sugar. With wider variations 
between unknown and standard, results arc not so good, particularly 
when the quantity of sugar is low. If less than 0.7 mg. of sugar is 
present in the unknown, it is better to have a standard solution con- 
taining 0.5 mg. of sugar in 3 cc., and to dilute both unknown and 
standard to 12.5 instead of to 25 cc.” 

DETERMINATION OF PROTEINS BY THE METHOD OF FOLIN AND 
DENIS >6 

This is a turbidunetric method. The albumin of the urine is pre- 
cipitated with sulfosalicylic acid and the resulting turbidity com-, 
pared with that of a standard protein solution. 

Reagents. 

1. Sulfosalicylic acid, 25 per cent. 

2. Standard protein solution. About 30 cc. of fresh blood serum 
(free from hemoglobin) are diluted with a 15 per cent solution of pure 
sodium chloride to about 1500 cc. The solution is thoroughly mixed 
and then filtered. By means of nitrogen determinations the protein 
content of the filtrate is determined (protein = N X 6.25), and on the 
basis of the figure obtained the solution is diluted with 15 per cent 
sodium chloride solution so that it contains 2 mg. of protein per cubic 
centimeter. It is best to saturate the protein solution with chloroform 
(20 cc.). The solution will keep for at least several months. As a 
matter of further precaution, the stock solution may be kept in a 
refrigerator. 

Procedure. — To about 75 cc. of water in each of two 100 cc. volu- 
metric flasks, are added 5 cc. of a 25 per cent solution of sulfosalicylic 
acid. To one flask is then added 5 cc. of the standard protein solution 
containing 10 mg. of albumin, and to the other is added the albumi- 
nous urine 1 cc. at a time (by means of an Ostwald pipette) until the 
turbidity obtained seems to be reasonably near that of the standard. 
The two flasks are then filled up to the mark with water, cautiously 
inverted a few times to secure mixing, and are then ready for the quan- 
titative comparison in the colorimeter tubes. The standard must 
invariably first be read against itself to secure the adjustment of the 
colorimeter (and of the eye). The contents of one of the colorimeter 

IS J. Biol. Chem., 18, 273 (1914). 
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cups is then replaced by the suspension of the unknown, and the tur- 
bidity comparison is made exactly as in colorimetric work. 

The standard, containing 10 mg. of protein, is read with the 
unknown set at 20 mm. It must not read less than 10 nor more than 
30 mm. 

Calculation . — Dividing the reading of the standard by twice the 
number of cubic centimeters of urine taken gives the albumin in milli- 
grams per cubic centimeter of urine. 

Notes. 

1. The albuminous suspensions must be mixed very gently so as to 
avoid agglutination. 

2. The method is fairly accurate and can be carried out in a few 
minutes, provided only that a standard albumin solution is available. 

3. The method cannot be applied to urines very deeply colored 
with blood or bile pigments. It is, of course, applicable to various 
albuminous fluids (not highly pigmented), for example, exudates, 
transudates, and the cerebrospinal fluid. 

4. It must be remembered that different proteins may give very dif- 
ferent degrees of turbidity under the same experimental conditions. ’ 

DETERMINATION OF PHENOLS BY THE METHOD OF FOLIN 
AND DENIS 17 

This method is based upon the deep blue color obtained when 
phenol solutions are treated with phosphotungstic-phosphomolybdic 
acid and alkali. Since traces of protein, which may be present in the 
urin«, and uric acid also give a blue color with the reagent, they must be 
removed prior to the phenol determination. Their removal is accom- 
plished by precipitation with silver lactate, in dilute lactic acid solution, 
and colloidal hydrated ferric oxide. 

Reagents. 

1. Hydrochloric acid, sp. gr. 1.19. 

2. Sodium chloride. Prepare a saturated solution of sodium 
chloride, containing 10 cc. of con(ientrated hydrochloric acid per 
liter. 

1* Marshall and Banks, Proc. Am. Phil. Soc., 64, 176 (1915). 

” 0. Folin and W. Denis, J. Biol. Chem., 22, 305 (1915). 
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3. Sodium carbonate. Use a saturated solution. 

4. Colloidal hydrated ferric oxide solution. 

5. Silver lactate. Prepare a 3 per cent solution of silver lactate 
in 3 per cent lactic acid. 

6. Phosphotungstic-phosphomolybdic acid reagent. Mix 100 
grams of sodium tungstate, 20 grams of phosphomolybdic acid (or an 
equivalent amount of molybdic acid), 50 cc. of 85 per cent phosphoric 
acid, and 75 cc. of water. Boil the solution for 2 hours, cool, dilute 
to a liter with distilled water and filter if necessary. 

7. Standard phenol solution. Prepare a solution of pure phenol in 
0.01 N hydrochloric acid. Standardize by an iodometric titration and 
adjust the concentration so that 10 cc. of the standard contains 1 mg. 
of phenol. 

Ihe preparation is made as follows: Make a phenol solution in 0.1 
N hydrochloric acid, which contains a little more than 1 mg. of crys- 
tallized phenol per cubic centimeter. Transfer 25 cc. of the solution 
to a 250 cc. flask, add 50 cc. of 0,1 N sodium hydroxide solution, heat 
to 65° C., add 25 cc. of O.l N iodine solution, stopper the flask, and let 
stand at room temperature for 30 or 40 minutes. Add 5 cc. of con- 
centrated hydrochloric acid and titrate the excess of iodine with O.l 
N sodium thiosulfate solution, using starch solution as an indicator. 
Do not add the starch solution until the end-point is almost reached. 
Each cubic centimeter of 0.1 N iodine solution corresponds to 1.567 mg. 
of phenol. On the basis of the result dilute the phenol solution so 
that 10 cc. contain 1 mg. of phenol. 

To prepare a standard solution for comparison, place 5 cc. of the 
standard phenol solution (equivalent to 0.5 mg. of phenol) in a 100 cc. 
volumetric flask, add 10 cc. of the phosphotungstic-phosphomolybdic 
acid reagent and 25 cc. of saturated sodium carbonate solution, dilute 
to the mark with water at about 30° C. and mix thoroughly. 

Procedure A: Preliminary Treatment.— Transfer 10 cc. of ordinary, 
or 20 cc. of very dilute, urine to a 50 cc. volumetric flask and add 
acid silver lactate solution (2 to, 20 cc.) until no further precipitate 
forms. Next add a few drops of colloidal ferric oxide solution, shake, 
dilute to the mark with distilled water, again shake, and filter the con- 
tents through a small, dry filter. This precipitation removes quanti- 
tatively uric acid and traces of protein, both of which give a blue color 
with the phenol reagent. The phenols are recovered quantitatively in 
the filtrate. Transfer 25 cc. of the filtrate to a 50 cc. volumetric flask 
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and add to it a sufficient quantity of saturated sodium chloride solution, 
containing 10 cc. of concentrated hydrochloric acid per liter, to pre- 
cipitate all the silver. The flask is then filled to the mark with dis- 
tilled water and its contents mixed and filtered through a small, dry 
filter. The filtrate is used for the determination of free and total 
phenols. 

Procedure B: “Free^^ (Non-conjugated) Phenols.—Place 20 cc. 

of the above filtrate in a 50 cc. volumetric flask and add 5 cc. of the 
phosphotungstic-phosphomolybdic acid reagent and 15 cc. of sat- 
urated sodium carbonate solution. Dilute to volume with lukewarm 
water (30-35° C.), mix thoroughly, and after 20 minutes compare in a 
colorimeter against a standard phenol solution prepared as directed 
above. 

Procedure C: Total (Free and Conjugated) Phenols.—Transfer to 
a large test tube 20 cc. of the filtrate obtained in A, add 10 drops of 
hydrochloric acid, sp. gr. 1.19, cover the tube with a small funnel, 
heat the mixture rapidly to boiling over a free flame, and then place 
the tube in a beaker (tall form) of boiling water for 10 minutes. The 
tube is then removed, cooled, and its contents transferred to a 100 cc. 
volumetric flask. Add 10 cc. of phosphotungstic-phosphomolybdic 
acid reagent, 25 cc. of saturated sodium carbonate solution, make ui) 
to volume with distilled water, mix thoroughly, and after 20 minutes 
compare in a colorimeter against a standard phenol solution pre- 
pared as directed above. 

Calculation. —In making the calculation it must be remembered 
that aliquot parts are employed, one-fifth of the original sample being 
finally used for each determination. Furthermore, the final dilution 
in the case of “ free ” phenols is half that of the standard, while in the 
case of total phenols it is the same as that of the standard. 

Hence, 


Reading of standard 
Reading of unknown X 4 


= mg. of free phenols. 


and 


Reading of standard 
Reading of unknown X 2 


mg. of total phenols. 


in 2 cc. or 4 cc. of urine, depending upon whether 10 cc. or 20 cc. of 
urine were taken for the analysis. 
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DETERMINATION OF MANGANESE BY THE METHOD OF McCRACKAN 
AND PASSAMANECK 

The manganese is oxidized to permanganic acid by ammonium per- 
sulfate and silver nitrate in the presence of nitric acid and the resulting 
pink solution is then matched against a standard permanganate solu- 
tion. 

Reagents. 

1. Nitric acid, sp. gr. 1.42. 

2. Sulfuric acid, sp. gr. 1.84. 

3. Silver nitrate, 0.1 N. 

4. Ammonium persulfate, 50 per cent. 

Procedure. — To 100 cc. of urine in a Kjeldahl flask, 20 cc. of 
concentrated nitric acid arc added. Tf the urine contains less than 1 
mg. of manganese per liter of urine, larger amounts in the same pro- 
portion are used. This is followed by evaporation to a paste on a sand- 
bath; after cooling, 5 cc. of concentrated sulfuric acid arc added. 
The preparation is then heated at high temperature until about a third 
of the acid is driven off as heavy white fumes. With urine high in 
phosphates, or when a large quantity of urine is used for the analysis, 
the amount of sulfuric acid may have to be increased. After cooling, 
5 cc. of concentrated nitric acid is added, followed by heating until 
brown fumes disappear. If o.xidation does not seem to be complete, 
this step is repeated again and again until there is no doubt, more sul- 
furic acid being added if necessary. After cooling, transfer is made 
to a 100 cc. volumetric flask by means of about 75 cc. of distilled 
water. Then 5 cc. of concentrated nitric acid, I cc. of tenth normal 
silver nitrate, and 1 cc. of 50 per cent ammonium persulfate are added 
and diluted to the mark. One or more standards arc prepared with 
similar amounts of reagents from manganous sulfate or manganous 
nitrate, or potassium permanganate in 100 cc. flasks, and both the 
known and the unknown are heated at the same time in the water-bath 
until the formation of permanganic acid is complete. If the depth of 
color in the unknown is deep enough, comparison is made in the 
colorimeter, or in Nessler tubes if it is too faint. When manganese is 
found a “ blank ” test should be made on the reagents as a control. 

Arch. Path. Lab. Med., 1, 585 (1926). 
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Notes. 

1. In case the acidity is already quite high because more than the 
recommended amount of sulfuric acid has been used, less nitric acid 
may be used before adding the persulfate, or its use may be omitted. 
In case much silica from the glassware is present, it may be ignored 
until after the solution is made up to volume and the color developed. 
Then it may be removed from a portion by centrifuging, or it may be 
allowed to settle by gravity. 

2. McCrackan and Passamaneck made a series of about forty 
analyses by the above procedure, and then one of them prepared four 
unknowns which were then analyzed by the other. The results are 
given in Table XLIII. 


TABLE XLIII 


Urine Used 
for Analysis, 
Cubic 

Centimeters 

Manganese 
Present, Milli- 
grams per Liter 

Manganese 
Found, Milli- 
grams per Liter 

100 

2.04 

2.18 

100' 

0.96 

0.93 

100 

2.00 

2.08 

200 

j 

0.22 

0.21 


3. While it would seem possible to find one part of manganese in 
several billions of distilled water by condensing a large volume to a 
small one before applying the test, there is a limit to this procedure 
with urine because of the difficulty in getting rid of the phosphates. 
It is difficult to make use of more than 2 liters in any analysis, and it is 
desirable to work with smaller quantities. It is obvious that reducing 
substances coming in contact with the permanganic acid will decolorize 
it and cause negative or low results. The metallic parts of the colorim- 
eter cups must not be overlooked in this connection. On the other 
hand, the test is so sensitive that the clinician cannot be too careful 
about protecting the specimen of \irine from contamination. The 
dust from the air of a manganese grinding plant or that from a worker’s 
clothes might easily cause analyses on specimens of normal urine to be 
positive, or those on pathologic specimens to run much higher than 
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they should. Urine contaminated by feces, in experimental work 
with animals, may cause wrong conclusions. 

The amount of manganese in one normal urine has been found to be 
less than 1 part in 50,000,000. 

DETERMINATION OF HYDROGEN ION 

For a discussion of the principles of the colorimetric determination 
of hydrogen-ion concentration, see Chapter XIX. 

Reagents.’^ 

1. Bromcrcsol green (/>H 4.0 to 5.6), bromcresol purple (/>H 5.4 to 
7.0), phenol red {pU 6.6 to 8.2). Use aqueous solutions of 0.04 per, 
cent strength. Add 0.5 cc. of these indicator solutions to 10 cc. por- 
tions of the standard buffer solutions. 

2. Standard buller solutions. Prepare according to Clark: The 
Determination of Hydrogen Ions, 2d ed., Williams & Wilkins Co., 
Baltimore, Md., 1922. 

Procedure.— Collect the urine and keep it under a mineral oil. 
Place 8 cc. of redistilled and recently boiled distilled water in a test 
tube the same size as employed for the color standards. Add 0.5 cc, 
of the standard indicator solution and cover with a layer of mineral 
oil. Then introduce under the oil 2 cc. of the urine. Gently mix and 
.match against the indicator standards in a comparator block. Run a 
control tube containing the urine diluted 1 to 5. The arrangement of 
the tubes in the comparator block is shown on page 211. 

The observed value obtained at room temperature may be 
approximately corrected to give the actual pll at 38 C., by subtract- 
ing 0.2 pK. This correction is not a constant factor. (See Note 3, 
p. 493.) 

Notes. 

1. The pH values of normal urines range from 5.5 to 8.0 with a 
mean value of almost exactly 6.0. In the case of cardio-renal disorders 
the mean pH is 5.3, and for vegetarians about 6.6. 

2. Myers’ multiple wedge colorimeter (bi-colorimeter) 20 is con- 
venient for work. 

•’Indicators and standard buffer salts, Iwth dry and in prepared solutions, may be 
obtained from the LaMotte Chemical Products Co., Baltimore, Md.; or Hynson, Westcott 

and Dunning, Baltimore, Md. , . t- t •. t 

2® J. Biol. Chem., 54, 675 (1922). This colorimeter is manufactured by E. Leitz, Inc., 

New York. 
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DETERMINATION OF LEAD 

See page 258. 

DETERMINATION OF ZINC 

See page 397. 

DETERMINATION OF NICKEL 

See page 298. 

DETERMINATION OF CALCIUM 

Seepages, 139, 143, and 146. 

DETERMINATION OF MAGNESIUM 

See page 264. 

DETERMINATION OF PHOSPHATE 

See pages 346, 348 and 353. 

DETERMINATION OF CHLORIDE 

See page 159. 

DETERMINATION OF SILICON 

See page 366. 

F or the nephelometric determination of a number of substances 
biological material, see Volume II. 
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lUBLlOORAPllY 

BIBLIOGRAPHY ON COLORIMETRY ARRANGED ALPHA- 
BETICALLY BY SUBJECT' AND CHRONOLOGICALLY UNDER 
EACH SUBJECT 

There arc two outstanding characteristics that a reference work 
should embody, namely, accuracy and completeness. But there is a 
third feature of almost equal importance: the references should include 
something of the subject-matter contained in the original articles. 
Frequently the title of a paper docs not indicate important parts of the 
text. Hence, if a comprehensive survey of a subject is to be made it is 
necessary not only to examine carefully the indexes of various journals 
and books, but also to make a page-by-page search of the contents of 
each article and in turn search the references listed in the various arti- 
cles. Fortunately, there arc a number of abstract journals which 
greatly lighten the task, particularly in the case of journals having a 
very limited distribution, or the hundreds of journals dealing with 
“ border-line ” subjects or even so-called difTerent branches or fields 
of knowledge. But these “ abstract references ” should serve only as a 
starting point, and in every case, if reasonably possible, the original 
source should be carefully examined. 

It has been the aim of the author to make the following bibliog- 
raphy an accurate and fairly complete survey of the literature on 
colorimetric quantitative analysis. No doubt there are a number of 
articles that have escaped his attention, and he hopes that the users 
of the bibliography will call his attention to omissions in order that 
they may be included in a future edition. Also, notice of any errors 
will be greatly appreciated. 

It should be pointed out that no attempt has been made to include 
the hundreds of qualitative colorimetric tests that are recorded in the 
literature. A few have been added because of historical interest or 
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because they seem to offer a promise of being developed into quanli^ 
tative methods. To have included references to qualitative methods 
would have considerably increased the size of the bibliography without 
a proportionate increase in its usefulness. 

The official abbreviations of Chemical Abstracts have been 
used. See ‘‘ List of Periodicals Abstracted by Chemical Abstracts 
with Key to Library Files,” Chemical Abstracts, 20, No. 20, Part 2 
(1926). ^ In a few instances the references are not listed in Chemical 
Abstracts but it is believed that the abbreviations adopted will be 
readily recognized. In general, the first reference given after an 
author’s name is the journal in which the article originally appeared; 
succeeding references are abstracts of the article. Although many 
abstract references are to be found in the bibliography, no attempt 
has been made to give one or more abstract reference on each article. 

Many of the references contain a brief abstract, while others have 
been recorded with only the subject heading. It must not be assumed, 
however, that the relative importance of an article is indicated by the 
length of its abstract. Indeed, many excellent papers have been 
recorded with only their titles or subject headings. 

The author desires to take this opportunity to acknowledge his 
appreciation of the very great assistance rendered him by Chemical 
Abstracts’ ‘‘ List of Periodicals.” It has been a frequent source of 
aid. 

Finally, the author wishes to express his appreciation to the fol- 
lowing libraries whose tiles of periodicals have made this bibliography 
possible: 

Army Medical Library, Washington, D. C. 

Department of Agriculture, Washington, D. C. 

Chemists’ Club, New York City. 

Geological Survey, Washington, D. C. 

John Crerar Library, Chicago, 111. 

New York Public Library, New York City. 

University of Virginia, Charlottesville, Va. 

‘ Compiled by the Research Information Service of the National Research Counci 
under the supervision of C. J. West, director. 
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Acetanilide. 

Barthelemy, H., Caoutchouc and gulta-pcrcha 9 , 6638 (1912); J. Soc. Chem. 
Ind. 31 , 1026 (1912). Determination of acetanilide in celluloid. 

Acetic Acid. 

ScHALL, H., Miinch. mcd. Wochschr. 66 , 812 (1919); Z. anal. Chem. 61 , 80 
(1923). 

Acetoacetic Acid. 

Martz, F., Union Pharmaceut., May 15, 1898; Rev. chim. anal. appl. 6, [10], 
165-166; Analyst 23, 235 (1898). Determines acetoacetic acid in diabetic 
urine. 

Folin, 0. and Denis, W., J. Biol. Chem. 18 , 263 (1914). Turbidity methods for 
the determination of acetone, acetoacetic acid and /i-oxybutyric acid in urine. 

Schall, H., Miinch. med. Wochschr. 66, 812 (1919); J. Chem. Soc. 118 , ii, 63 
(1920); C. A. 14 , 1555 (1920); Chem. Zentr. 1919 , iv, 562. Estimation 
of acetone and acetoacetic acid with Autenrieth’s colorimeter. 

Lenk, E., Munch, med. Wochschr. 66, 1119 (1919); Chem. Zentr. 1919 , iv, 
995. Says Schall, ibid. 66, 812 (1919), simply adopted L’s method and 
substituted a colorimeter for the measuring cylinder. 

Acetone. 

Bluth, F., Deut. mcd. Wochschr. 32 , 143 (1906) ; Chem.-Ztg. 30 , Rep. 69 (1906) ; 
Analyst 31 , 163 (1906). Determination of acetone in urine. Method based 
upon the fact that the time required for the red coloration given by urine con- 
taining acetone with NaOH and Na nitroprusside solution to change to orange 
or yellowish green is, within certain limits, proportional to the amount of 
acetone present. 

Folin, 0. and Denis, W., J. Biol. Chem. 18 , 263 (1914). A turbidity method. 

CsONKA, F. A., J. Biol. Chem. 27, 209 (1916). A colorimetric method for the 
determination of acetone in urine. Method based on the alkaline salt of 
dioxydibenzene acetone. Red solution obtained. 

Schall, H., Miinch. med. Wochschr. 66, 812 (1919); Z. anal. Chem. 61, 80 
(1923). 

Lenk, E., Munch, med. Wochschr. 66 , 1119 (1919); Chem. Zentr. 1919 , iv, 995. 
Says Schall, ibid. 66, 812 (1919), simply adopted L’s method and substituted 
a colorimeter for the measuring cylinder. 

Hubbard, R. S., J. Biol. Chem. 43 , 57 (1920). Determination of acetone in 
expired air. Turbidity method 
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Goeckel, II. J., J. Lab. Clin. Med. 6, 338 (1920-21). The routine determina- 
tion of creatinine and acetone in urine. Uses Na nitroprusside, NaOH and 
glacial HAc. 

SiTSEN, M. H. Pharm. Weekblad 62, 622 (1925). Colorimetric determina- 
tion of acetone in urine. “To 50 cc. of urine add 10 cc. basic Pb acetate soln. 
Add 10 cc. of 10 per cent Na 2 HP 04 to 30 cc. of the filtrate, dil. to 50 cc. and 
filter through a triple filter. The filtrate is colorless and corresponds to one- 
half the vol. of urine. To 5 cc. of this decolorized urine add 2 cc. of 5 per cent 
Na nitroprusside soln. and 5 cc. 4 N NaOH and mix, then add 10 cc. .SO per 
cent AcOH and dil. to 50 cc. By means of a colorimeter compare the red 
color with that of 0.0005 per cent McAc soln. treated simultaneously in the 
same manner. The method is not applicable to urines contg. phenolphthalein 
or istizin (synthetic purgatives).” A. W. Dox, C. A, 19, 2507 (1925). 

Behke, j. A. and Benedict, S. R., J. Biol. Chem. 70, 487 (1926). Acetone 
bodies in blood and urine. 

Acetylene. 

Berthelot, Compt. rend. 64, 1070 (1862). Uses an ammoniacal solution of a 
cuprous salt as a qualitative test for acetylene. 

Ilosvay de Nagy Ilosva, L., Ber. 32 , 2697 (1899). On the preparation of 
ammoniacal cuprous salt solution by hydroxylamine for testing acetylene. 
Prepares cuprous salts by reduction of cupric salts with hydroxylamine. 

KOspert, F., Z. anorg. Chem. 34, 453 (1903). Note on colloidal copper acetylene. 
Observes that CuCl> gives a red colloidal solution when added to an aep 
acetylene solution. Apparently no attempt to use the reaction analytically. 

Weaver, E. R., J. Am. Chem. Soc. 38 , 352 (1916) and Bur. Standards, Sci. Paper 
No. 267, 28 (1916); J. Soc. Chem. Ind. 35 , 347 (1916); Z. anal. Chem. 68 , 
292 (1919); J. Franklin Inst. 181 , 408 (1916). Uses ammoniacal cuprous 
chloride solution containing gelatin. A red colloidal solution formed, sta- 
bilized by the gelatin. 

Schulze, A., Z. angew. Chem. 29, 341 (1916); J. Soc. Chem. Ind. 36, 1054 
(1916); C. A. 11 , 1114 (1917). Uses ammoniacal cuprous chloride. A red 
colloidal solution is formed. 

Acrolein. 

Moureu, C. and Boismenu, E., J. pharm. chim. 27 , 49, 89 (1923); C. A. 17 , 
2094 (1923); cf. C. A. 16 , 2481. Uses Schiff’s reagent. 

Adenine Nucleotide, 

Jackson, H., Jr., J. Biol. Chem. 67, 121 (1923). Determination of adenine 
nucleotide in human blood. Nesslerizes. 

Adrenaline (Epinephrine). 

Abelous, j. E., Soulie, L. A. and Toujan, G., Bull. soc. chim. 33 , 576 (1905); 
Analyst 30 , 279 (1905); Compt. rend. soc. biol. 1906 , 301; J. Soc. Chem. Ind 
24 , 693 (1905). 

Frankel, S. and Allers, R., Biochem. Z. 18, 40 (1909); Analyst 34 , 361 (1909). 
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A characteristic reaction of adrenaline. Based upon the bright red coloration 
produced when adrenaline is heated just to boiling with an equal volume of 

0. 001 N KlOj and a few drops of dil. 1I3P()4. Will detect 1 part in 300,000 
parts of solution. 

Zanfrognini, a., Chem. Zentr. 1909, ii. 2205; Deut. med. Wochschr., 36, 1752 
(1909); J. Chem. Soc. 98, ii, 467 (1910). Colorimetric estimation of adrenal- 
ine. Uses an emulsion of Mn peroxide. This is reduced by adrenaline yield- 
ing a rose colored solution. Reagent prepared by adding 8 drops of lactic acid 
to a solution of 3 grams KMnOi in 24 cc. water. 

Folim, 0., Cannon, W. B. and Denis, W'., J. Biol. Chem. 13, 477 (1912-13). 
Colorimetric method for the determination of adrenaline (epinephrine). Use 
phosphotimgstic acid. Sensitive to 1 : 3,000,000. 

Seidi:i.l, a., Jr., J. Biol. ('hem. 16, 197 (1913); 1 lale and Seidell, Am. J. Pharm. 
83, 551 (1911). Colorimetric determination of epinephrine in desiccated 
suprarenal glands. Use a faintly acidified solution of KIO3. Method only 
approximate. 

Lewis, J. H., j. Biol. Chem. 24, 249 (1916). 'fhe presence of epinephrine in 
human fetal adrenals. Uses phosphotungstate reagent. 

Kukiyama, S., j. Biol. Chem. 33, 207 (1918). Epinephrine by Folin’s method. 

Kuriyama, S., j. Biol. Chem. 34, 299 (1918). I'^pinephrine by Folin-Cannon- 
Denis method, J. Biol. Chem. 13, 477 (1912-13). 

ScoviiXE, W. L., J. liid. Eng. Chem. 12, 769 (1920); C. A. 14, 2838 (1920); J. 
Soc. Chem. Ind. 39, 673.1 (1920). Uses KIO3 and IICl. 

Kodama, S., J. Biochem. (Japan) 1, 280 (1922). Modification of Folin, Cannon, 
and Denis colorimetric method for the estimation of adrenaline. 

Matweg, H., Biochem. Z. 134, 292, 295, 297 (1922). 

Frowein, B., Biochem. Z. 134, 559 (1923); C. A. 17, 16.50 (1923). 

Friend, II., J. Biol. Chem. 67, 497 (1923); J. Chem. Soc. 126, ii, 75 (1924). 

A quantitative color reaction given by adrenaline and urine. Treats suc- 
cessively with sulphanilic acid, HNO3, and ammonia. Red coloration 
obtained. 

Albumin (See also Protein). 

Johnson, G., Brit. Med. J. 1883, 504. Uses picric acid and KOH. 

Claudius, M., Munch, med. Wochschr. 69, 2218; C. A. 7, 355 (1913). 

Riegler, E., Z. anal. Chem. 63, 242 (1914); J. Chem. Soc. 106, ii, 395 (1914); 
J. Soc. Chem. Ind. 33, 442 (1914). Method ba.scd upon fact that an alkaline 
solution of albumin dissolves copper hydroxide, giving a violet colored solu- 
tion whose intensity is proportional to the amount of albumin present. 

Folin, 0. and Denis, W., J. Biol. Chem. 18, 273 (1914). Determination of 
albumin in urine. A turbidity method. 

Autenrietii, W., Miinch. med. Woc^jschr. 64, 241 (1917); Chem. Zentr., 1917, 

1, 699; J. Chem. Soc. 112, ii, 400 (1917). Colorimetric estimation of serum- 
albumin and globulin in urine, ascitic fluid, and blood serum. Method based 
on the biuret reaction. 

Lange, C., Biochem. Z. 95, 46 (1919); C. A. 14, 1349 (1920). 
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Alcohol. 

Argenson, G., Bull. soc. chim. 27, 1000 (1902). 

Rocques, X., Ann. chim. anal. 10, 103 (1905). Compare Compt. rend. 140, 
511; J. Chem. Soc. 88, ii, 359 (1905). Colorimetric estimation of higher 
alcohols in brandies. 

Bouis, M. A., Ann. fals. 1, 86; C. A. 3, 1057 (1909). The determination of the 
higher alcohols in spirits. 

DENioiis, G., Compt. rend. 160, 832 (1910). Test for methanol. Uses KMn(h 
and acid, then Schiff’s reagent. 

Aguliion, ir., Bull. soc. chim. 9, 881; C. A. 6, 204 (1912). Suggests substi- 
tuting HNOs, HsPOi or KHSO4 for the 1128 04 in the chromic acid mixture 
when estimating, colorimetrically, alcohol in the presence of acetone. 

SiMMONDS, C., Analyst 37, 16 (1912); Z. anal. Chem. 62, 237 (1913). Note on 
the determination of small amounts of methyl alcohol. Uses Schifl’s reagent. 

Elvove, E., J. Ind. Eng. Chem. 9, 295 (1917). A note on the detection and esti- 
mation of small amounts of methyl alcohol. 

Fellenberg, T. von, Biochem. Z. 86, 45 (1918); J. Chem. Soc. 114, ii, 177 
(1918). A modification of Deniges’ colorimetric method of estimating methyl 
alcohol. 

('hapin, R. M., j. Ind. Eng. Chem. 13, 543 (1921). Improved Deniges’ test 
for the detection and determination of methanol in the presence of ethyl 
alcohol. 

Lyons, A. B., J. Am. Pharm. Assocn. 11, 12 (1922). Detection of wood spirit in 
alcoholic beverages. Uses dried egg albumin. Procedure only qualitative. 
For a quantitative procedure, see ibid. 11, 682. 

Lyons, A. B., J. Am. Pharm. Assocn. 11, 682 (1922); C. A. 17, 3657 (1923); cf. 
ibid. 11, 12 (1922), C. A. 16, 1375. A new colorimetric determination of 
methanol. Suggests dried egg albumin instead of milk in the Hchner test. 
In 1905 L. suggested beef peptone as a substitute for milk. Proc. Am. Pharm. 
Assocn., 1906, 326. 

Aldehyde. 

Schmidt, J. G., Ber. 14, 1848 (1881). Uses Schiff’s reagent. 

Gayon, U., Compt. rend. 106, 1182 (1887). Aldehydes in commercial alcohol. 
Uses SchifT’s reagent. 

Saglier, Fremy, Encyclop. Chim. 1890-91,278. U.ses Schiff’s reagent. 

Forsch. Ber. Lebensm. 1896, 299. Determination of aldehydes in distilled 
liquors. Uses Schiff’s reagent. 

Paul, J., Z. anal. Chem. 36, 647 (1896). Acetic aldehyde. 

Francois, M., J. pharm. chim. [6], 6, 521 (1897). Acetic aldehyde. 

Pilhasby, B. M., j. Am. Chem. Soc. 22, 132 (1900); J. Soc. Chem. Ind. 19, 473 
(1900). Sensitiveness of certain tests for formaldehyde. 1 . Trillat’s test— 
H 2 S 04 , dimethylaniline, etc., P. concludes from experiments that this test 
does not show the presence of formaldehyde, but of dimethylaniline or its 
salts incompletely volatilized. 2 . Lebbin’s test. Will detect 1 part formal- 
dehyde in 200,000 parts of water. 3. Morphine hydrochloride with H 2 SO 4 — 
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sensitive to 1 part formaldehyde in 1000 parts of solution. A purple ring is 
obtained. 4. Phenylhydrazine hydrochloride seems to be the best reagent. 
Will detect 1 part formaldehyde in 250,000 parts of water. A green tinge is 
obtained. 5. Rimini uses phenylhydrazine hydrochloride with Na nitro- 
prussidc and concentrated NaOH. Will detect 1 part formaldehyde in 1,000,- 
000 parts water. A blue coloration is obtained. The blue changes quickly 
to green, yellow, light brown, and red. 

WoLiT, J., Z. Untersuch. Nahr. Genussm. 3, 87 (1900); J. Soc. Chem. Ind. 19, 
383 (1900). Estimation of formaldehyde. Uses glacial Il.\c and dimethyl- 
aniline. 

Liverseegk, j. F., Analyst 26, 151 (1901); J. Soc. Chem. Ind. 20, 844 (1901). 
Approximate determination of formaldehyde in milk. Uses concentrated 
H,jS 04 containing a little FeClj. 

SciiiDROWiTZ, P., J. Soc. Chem. Ind. 21, 816 (1902). Aldehydes in whiskey. 
Uses Schiff’s reagent. Cites a number of references. 

Bonnet, F., Jk., J. Am. Chem. Soc. 27, oOl (1905). A colorimetric method for 
the detection and estimation of formaldehyde. Uses morphine sulfate in 
II2SO4. Sensitive to 4 parts per million. 

Tolman, L. M., j. Am. Chem. Soc. 28, 1024 (1900). Aldehydes (acetic alde- 
hyde) . Uses SchilFs reagent. 

Ackke, S. F., j. Biol. Chem. 2, 145 (1906-7). On the detection of formalde- 
hyde in milk. ITehner’s lest depends u|X)n the presence of casein and lact- 
albumin and there is some kind of a quantitative relationship between the 
intensity of the color and the amount of casein and lactalbumin in the milk. 

Richardson, F. W., J. Soc. Chem. Ind. 26, 3 (1907); J. Chem. Soc. 92, ii, 140 
(1907). Estimation of formaldehyde in milk. Uses concentrated lUSO* 
containing 0.05 per cent Fe2(S04)3. Violet color produced if formaldehyde is 
present. 

Shrewsbury, H. S., Analyst 32, 5 (1907). The estimation of preservatives in 
milk. Formaldehyde: Uses J. F. Liverseege’s method (Analyst 26, 151). 
FeCli and IIjSOi. 

Rosenheim, 0., Analyst 32, 106 (1907); J. (diem. Soc. 92, ii, 512 (1907). The 
Chemistry of Hchner’s test for formaldehyde in milk. Action depends on 
presence of the tryptophan group. 

Woodman, A. G. and Lyford, E. F., J. Am. Chem. Soc., 30, 1607 (1908). d'he 
colorimetric estimation of benzaldehyde in almond extracts. Use Schiff’s 
reagent. 

Jones, E. W. T., Chem. News 98, 247 (1908); J. Chem. Soc. 96, 99 (1909); 
J. Soc. Chem. Ind. 27, 1218 (1908). Colorimetric method for the estimation 
of formaldehyde in milk. Uses IICl containing a little Fetds. 

Shrewsbury, H. S. and Knai’P, A. W., Analyst 34, 12 (1909); J. Chem. Soc. 96, 
192 (1909). Detection and estimation of formaldehyde in milk. Use con- 
centrated IICI containing 0.1 per cent lINOj. 

Bonis, M. A., Ann. fals. 2, 90 (1909); C. A. 3, 940 (1909). The colorimetric 
determination of aldehydes in spirits. Worked out a curve showing the rela- 
tion between the quantity of aldehyde and the depth of the comparison solu- 
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tion of the colorimeter. Good agreement with the volumetric bisulfite met Imd 
(variations never over 1 per cent) but not with the “official” method. 

Ronnet, L., Ann. fals. 3, 205; C. A. 4 , 2862 (1910). Determination of alde- 
hydes in alcohols. Points out an error in Roeque’s method of purifying 
aldehyde-ammonia (for preparing std. soln.) by drying in vacuo over H 2 S 0 ,. 
In so drying the substance loses a mole of water and polymerizes. Longer 
standing in the desiccator causes further decomposition. Ronnet prefers 
using aldehyde recently distilled from the paraldehyde after the addition of a 
litile H2SO4. 

Fellenberg, T. von, Chem. Zentr. 1916 , i, 390; Mitt. Lebensm. Hyg. 6, 254 
(1915) ; J. Chem. Soc. 110 , ii, 354 (1916). Colorimetric estimation of cinnam- 
aldehyde in cinnamon. Method depends on the coloration which devel()[)s 
when the aldehyde is treated with H 2 SO 4 and isobutyl alcohol. 

Collins, R. J. and Hanzlik, P. J., J. Biol. Chem. 26 , 231 (1916). A colorimetric 
method for the estimation of free formaldehyde and hexamethylenamiiu;. 
Use Congo red and methyl orange. 

Smitt, N. K., Bull. Bur. Bio-Tech. 1922 , No. 5, 117; J. Chem. Soc. 122 , ii, 402 
(1922). A rapid method for the estimation of acetaldehyde. Uses ben- 
zidine hydrochloride. Yellow changing to orange or brown on standing. 

JOSKPHSON, K., Ber. 66 (B), 1771 (1923); J. Chem. Soc. 124, ii, 665 (1923). 
Schiff’s rosaniline-sulphurous acid reaction for aldehydes. Trustworthy 
only when the .solution has a certain acidity. 

Beythien, a., Hempel, H., and Wiesemann, C., Z, Nahr.-Genussm. 48, 169 
(1924); J. Chem. Soc. 126 , ii, 876 (1924). Determination of acetaldehyde. 
Use m-phenylenediamine. 

Alkali Blue. 

Kuriyama, S., j. Biol. Chem. 27 , 377 (1916). The fate of alkali blue in the 
organism. Uses a Duboscq colorimeter. 

Alkaloid. 

Mandelin, K. F., Pharm. Z. f. Russland 22 , 345, 361, 377 (1883). Studied color 
reactions of alkaloids with vanadium sulfate. 

Allantoin. 

Morgan, A. F. and Osburn, D. F., J. Biol. Chem. 66, 573 (1925). The cfTec t 
of vitamin A deficiency uixm the character of nitrogen metabolism. Deter 
mination of allantoin by Plimmer and Skelton method. 

Aluminum. 

Richards, Ellen H., Tech. Quart. 4, 194; Analyst 17 , 14 (1892). A delicate 
test for alum in potable water. Uses freshly prepared logwood decoction. 
By comparison with standard solutions the amount of alum may be deter- 
mined. Said to detect 1 part in a million. 

Atack, F. W., j. Soc. Chem. Ind. 34, 936 (1915); C. A. 9, 3186 (1915); Z. anal. 
Chem. 68 , 363 (1919). A new reagent for the detection and colorimetric 
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estimation of aluminum. Uses a 1 per cent solution of alizarin-S. Red color. 
Alizarin-S is the Na salt of alizarin monosulphonic acid. Glycerol added to 
test solution to prevent precipitation. Al[Ci,Hs0-.(0H)rS03]3 seems to be 
formed rather than a lake. 

Snell, F. D., Colorimetric Analysis, p. 68, D. Van Nostrand Co., New York, 
1921. Determination of aluminum by alizarin-S. 

Wolff, L. K., Vorstman, N. J. M., and Schoenmaker, P., Chem. Weekblad 20, 
1Q3 (1023); J. Chem. Soc. 124, ii, .341 (1923); J. Soc. Chem. Ind. 42, 52.S,\ 
(1923). Estimation of small quantities of aluminum. Use Na salt of alizarin. 

Jarvinen, K. K., Z. Untersuch. Nahr. Genussm. 46, 183 (1923); J. Chem. Soc. 
124, ii, 655 (1923). Colorimetric estimation of small quantities of metals in 
foodstuffs and the preliminary destruction of the organic matter. Details 
for the destruction of the organic matter are given and for the estimation of 
Sn and Pb in -the presence of one another, Cu and Zn in the presence of one 
another, and for Al, Ni, As, and Sb. H^S or NaaS used. 

Hatfield, W. D., Ind. Kng. Chem. 16, 233 (1924). Soluble aluminum and the 
hematoxylin test in filtered waters. The p\l is first adjusted to 8. 2-8.3 by 
(NH4)2C03, and 11 Ac added till acid before comparison to prevent disturb- 
ing effect of Mg, Fc++, and Fe++ '' salts. Accuracy 0.01 per cent. 

Baldwin, F. 0., J. Am. Water Works Assocn. 12, 439 (1924) ; J. Soc. Chem. Ind. 
44, B 113 (1925). Colorimetric determination of total alumina in water. 
Uses alizarin red S(Na alizarinmonosulfonale). 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed. p. 14, D. Van Nos- 
trand Co., New York, 1926. Uses alizarin S. Atack’s method. 

Hammett, L. P. and Sottrry, C. T., J. Am. Chem. Soc. 47, 142 (1925). A 
new reagent for aluminum. The dye aurin tricarboxylic acid forms with Al 
salts a bright red lake which may be used as a qualitative test for Al ion. 
Interference by Cr is prevented by an unusual property of the Al lake, which 
when once formed in an IIAc-acetate buffer is not decomposed in any reason- 
able time when the solution is made alkaline with NH4OH, although it does 
not form in alkaline solution. I’he Cr lake, which resembles the Al com- 
pound in appearance, forms in an acetate solution, but is decolorized upon the 
addition of NLHOH. Under the conditions of the test (1) silicic acid and 
salts of Bi, Pb, Sb, Sn + + + +, Hg+ ' , 'I'i give white precipitates; (2) salts of Cd, 
Zn, Mn, Co, and Ni give no precipitates; (3) Cr, alkaline earths, and phos- 
phate do not interfere if NHAOH-fNHO^COs solution is added; (4) Fe+ + + 
gives a deep violet precipitate in the HAc solution but is converted into a red- 
dish-brown by NH4()H. The separation of Fc from Al by NaOH or Na202 is 
sufficient to prevent interference by iron. The delicacy of the test is of the 
order of 10“® mole of Al. The reagent (the NH4 salt of aurin tricarboxylic 
acid) is now on the market under the trade name of “ Aluminon" and maybe 
obtained from the Fales Chemical Co., 74 Cortlandt St., New York City. 

Lundell, G. E. F. and Knowles, H. B., Ind. Eng. Chem. 18, 60 (1926); C. A. 
20, 349 (1926). Rapid detection of small amounts of aluminum in certain non- 
ferrous materials. Use HAc and aurin tricarboxylic acid solution, neutralize 
with (NH4)2C08 in NH4OH solution, adding an excess. Method suitable for 
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the detection and approximate determination of 0.01-0.1 per cent A1 in 
non-ferrous alloys. 

Middleton, A. R., J. Am. Chem. Soc. 48, 2125 (1926). Reaction of “ Alurninon” 
with hydroxides of beryllium, rare earths, zirconium and t horium. 

Corey, R. B. and Rogers, H. W., J. Am. Chem. Soc. 49, 216 (1927). The reac- 
tion of “Aluminon” with hydroxides of scandium, gallium, indium, thallium, 
and germanium. 

Yoe, j. H. and Hill, W. L., J. Am. Chem. Soc. 49, 2395 (1927). An experimental 
study of the new reagent for aluminum, the ammonium salt of aurin tricar- 
boxylic acid, has been made and quantitative measurements on the following' 
effects were obtained: (1) time, (2) temperature, (3) volume, (4) concentra- 
tion of reagents, and (5) the presence of other ions. The range of the test 
has been determined for colorimetric work, and a means of extending the range 
so as to include higher aluminum concentrations has been found. The sensi- 
tiveness of the lest has also been determined. Based upon the results of the 
experimental study, a quantitative method for the colorimetric determina- 
tion of aluminum by the ammonium salt of aurin tricarboxylic acid has been 
developed and applied to the direct determination of aluminum in potable 
water. 

Amide. 

Fiske, C. H., j. Biol. Chem. 66, 191 (1923). The hydrolysis of amides in the 
animal body. The comparative stability of surface active homologs in 
.'elation to the mechanism of enzyme action. Ammonia, amide, etc., 
colorimetrically. 

Amine. 

Whitehorn, j. C.. j. Biol. Chem. 66, 751 fl923). “ Permutit” as a reagent for 
amines. 

Peterson, W. H., Fred, Fv. B., and Domogalla, B. P., J. Biol. Chem 63, 287 
(1925). The occurrence of amino acids and other organic nitrogen com- 
pounds in lake water. Amines by Weber-Wilson method and Nesslerized. 

Amino-acid (See also Nitrogen). 

Folin, 0. and Denis, W., J. Biol. Chem. 12, 245 (1912). 

Harding, V. J. and MacLean, R. M., J. Biol. Chem. 20, 217 (1915). A colori- 
metric method for the estimation of amino-acid a-nitrogen. 

Wishart, M. B., j. Biol. Chem. 20, 535 (1915). The influence of meat inges- 
tion on the amino-acid content of blood and muscle. Uses methods of Folin 
and Denis, J. Biol. Chem. 11, 527 (1912). 

Adler, L., Z. ges. Brauw. 38, 241 (1915); Chem. Zentr. 811 (1915). 

Folin, O. and Wu, H., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 41, Ixxi 
(1920). A new qualitative and quantitative color reaction for amino-acids. 
Title only. 

Folin, 0. with Wu, H., J. Biol. Chem. 61 , 377 (1922); C. A. 16, 1789 (1922). 
Method based on the red coloration obtained when amino-acids react with 
/l-naphthaquinone sulphonic acid in alkaline solution. 
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Folin, 0., J. Biol. Chem. 61, 393 (1922); C. A. 16, 1790 (1922). A colorimetric 
determination of the amino-acid nitrogen in normal urine. Uses “Permutit” 
to remove NH 3 . 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 ed., P. 
Blakiston’s Son and Co., Philadelphia, 1926. Determination of amino-acid 
nitrogen in blood, p. 380; in urine, p. 731. 

Ammonia. 

Nessler, J., Chem. Gaz. 1866, 446-463. Uses an alkaline solution of potassium 
mercuric iodide for the detection and estimation of minute quantities of 
ammonia and ammonium salts. 

Miller, W. A., J. Chem. Soc. 18, 125 (1865). Estimation of ammonia in potable 
waters. Uses Nessler’s reagent. 

Nessler, J., Z. anal. Chem. 7, 415 (1868). Determines ammonia and HNOs in 
very dilute solutions. 

Chapman, E. T., Z. anal. Chem. 7, 478 (1868). Uses Ncssler’s reagent. 

Frankland, E. and Armstrong, H. K., J. Chem. Soc. 21, 103 (1868). Ammo- 
nia in potable waters. Use Hadow’s modification of Nessler’s process for 
small amounts of ammonia. 

* Trommsdoref, H., Z. anal. Chem. 8 , 357 (1869). Uses Nessler’s reagent accord- 
ing to Hadow and Miller. 

Harvey, S., Chem. News 27, 262 (1873). On some improvements in the mode 
of estimating ammonia by the Nessler test. Describes a colorimeter con- 
sisting of two graduated tubes fastened in a rack with a swinging mirror 
below. Gives method for estimating NHj with Ncsslcr’s reagent. 

Wanklyn, j. a., Chem. News 28, 13 (1873); J. Chem. Soc. 26, 1055 (1873). 
Note on the Nessler test. Rapidity of formation of full color depends largely 
upon whether sufficient HgCb has been added to reagent. 

Rich, S. W., Chem. News 28, 121 (1873). The Nessler reaction. A note 
recommending using distilled water which has been recently boiled after the 
addition of KOH in making comparisons and in diluting the stock solution. 

Deering, W. H., Proc. Chem. Soc. May 20, 1875; Chem. News 31, 233 (1875). 
On some points in the examination of waters by the ammonia method. Uses 
Nessler’s reagent. 

Cornwall, H. B., Chem. News 33, 135 (1876). Modification of Wankyln’s 
method of water analysis. Uses Nessler’s reagent for NH3. 

Milne, J. M., J. Soc. Chem. Ind. 6 , 33 (1887). Notes on “Nesslerising.” 

Muller, M., Z. angew. Chem. 1888, 245; Chem. News 64, 225 (1891). 

Hazen, a. and Clark, H. W., Am. Chem. J. 12, 425 (1890). On the effect of 
temperature upon the determination of ammonia by Nesslerization. To 
obtain accurate results it is necessary to bring standards and distillates to 
the same temperature before Nesslerizing. 

Mason, W. P., Chem. News 63, 70 (1891). Keeping of “Nessler” Standards. 
Brief note. 

Ilosvay de Nagy Ilosva, L., Bull. soc. chim. [3l 11, 216; J. Chem. Soc. 66, ii, 
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397 (1894). Reduces HNOi and HNO* to NHj by distillation with metallic 
iron (must be pure). 

Koninck, L. L. de, Chem. News 69, 144 (1894). The Nessler process in water 
analysis. 

Konig, F., Chem.-Ztg. 21, 599 (1897); J. Chem. Soc. 74, 313 (1898); J. Soc. 
Chem. Ind. 16, 936 (1897). Colorimetric estimation of ammonia, nitrous 
acid, and iron in waters. 

Winkler, L. N., Chem. News 81, 27 (1900); Chem.-Ztg. p. 454 (1899). Esti- 
mation of ammonia, nitric acid, and nitrous acid in natural waters. Uses 
Nessler’s reagent for Nils, the brucine reaction for HNO.i, and a volumetric 
method (iodine liberated and titrated with Na 2 S 203 ) for HNO 2 . 

Emmerling, 0., Ber. 36, 2291 (1902); J. Soc. Chem. Ind. 21, 990 (1902). Deter- 
mination of ammonia in water. Uses Ne.ssler’s reagent. 

Geelmuyden, H. C., Z. anal. Chem. 42, 276, 518 (1903). NO 2 , NOa and NHj in 
sea water. 

Trillat, a. andTuRCHET, Bull. soc. chim. [3], 33, 308 (1905); Analyst 30, 218, 
273; J. Soc. Chem. Ind. 24, 459 (1905). Determination of ammonia in drink- 
ing water. Method based on the nitrogen iodide reaction. 

Cavalier and Artus, Bull. soc. chim. [3], 33, 745 (1905); Analyst 30, 319 
(1905) ; J. Soc. Chem. Ind. 24, 816 (1905). On the determination of ammonia 
in water. Uses the nitrogen iodide method of Trillat and Turchet (Analyst 
30, 218, 273). Show it to be much less sensitive than that of Nessler. Three 
mgs. of NHa per liter arc required to give a color. Hence, large volumes must 
be evaporated. A more serious drawback is that the black coloration of the 
iodide is very unstable. Two or three minutes sufficient to show almost com- 
plete disappearance of color of 10 mgs. 

Buisson, a., Compt. rend. 143, 289 (1906); Chem. News 94, 107 (1906). Esti- 
mation of ammonia in water by Nesslcr’s reaction. 

Buisson, A,, Report, pharm. [3], 19, 17; C. A. 1, 2809 (1907). Value of the 
Nessler reaction for the determination of ammonia in water. Concludes 
from experimental work that the colorimetric method is empirical, since 
only a part of the ammonia contributes to the production of the coloration. 

Howe, P. E, and Hawk, P. B., Proc. Am. Soc. Biol. Chem., J. Biol, Chem. 
4, X (1908). Comparative tests of Spiro’s and Folin’s methods for the deter- 
mination of ammonia and urea. 

Chouchak, D. and Poucet, L, Bull. soc. chim. [4], 1, 1173; C. A. 2, 1586 (1908). 
Colorimetric determination of soil nitrogen by Nessler’s reagent. 

Schneider, A., Pharm. Zentr. 60, 546; C. A. 3, 2421 (1909). Preparation of 
Nessler’s reagent. 

Steel, M., Proc. Am. Soc. Biol Chem., J. Biol. Chem. 7, Iviii (1909-10). 
Further observations on an improved method for the determination of the 
ammonia nitrogen in urine. 

Folin, 0., Farmer, C., Macallum, A. ll. and Pettibone, C. V. J., Proc. Am. 
Soc. Biol. Chem., J. Biol Chem. 9, ix (1911). Some new technique for the 
determination of total nitrogen, ammonia and urea in urine. Colorimetric 
by means of Nessler’s reagent. 
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Taylor, A. E., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 9 , x (1911). The 
output of ammonia in normal urine. Estimated by Folin’s method. 

Thomas, P., Bull. soc. chim. 11, 796 (1912); ibid. 13, 398 (1913); C. A. 6, 3241 
(1912). Color reaction of ammonia. Based on an intense blue coloration 
when phenol and NaOCl are added to solutions of ammonium salts. Reac- 
tion said to be as sensitive as the Nessler test. 

Folin, 0. and Farmer, C. J., J. Biol. Chem. 11, 493 (1912). Report a new 
method for the determination of total nitrogen in urine. 

Folin, 0. and Macallum, A. B., J. Biol. Chem. 11, 523 (1912). On the deter- 
mination of ammonia in urine. Nesslerizes. 

Folin, 0. and Denis, W., J. Biol. Chem. 11, 527 (1912). New methods for the 
determination of total non-protein nitrogen, urea and ammonia in blood. 

Elsdon, G. D. and Evers, N., Analyst 37, 173 (1912). The estimation ot 
ammonia in carbonated waters. Use Nessler’s reagent. 

Vandevelde, a. j. j., Ghent. Doc. comm, intern, unif. meth. anal. denr. alim. 
1912, 118-21; Bull. soc. chim. Belg., 26, 422; C. A. 7, 669 (1923). Rapid 
and approximate estimation of ammonium and nitrous ions in potable water. 
The method of colorimetric comparison with solutions containing definite 
amounts of PtCb and Co(NO)2 is discussed. 

Denis, W., J, Biol. Chem. 13, 225 (1912-13). Metabolism studies on cold- 
blooded animals. I. The urine of the fish. Determines total nitrogen by 
method of Folin and Farmer; urea by the KAc method of Folin; ammonia 
and uric acid by method of Folin and Macallum. 

Autenrieth, W. and Funk, A., Z. anal. Chem. 62, 137 (1913). Colorimetric 
methods for water analysis by the use of Autenricth-Koenigsberger’s col- 
orimeter. Details are given for the estimation of NH3, HNO2, HNOj, Fc, 
Pb, and lIjS. 

Matthews, S. A. and Miller, FL M., J. Biol. Chem. 16, 87 (1913). A study of 
the effect of changes in the circulation of the liver on nitrogen metabolism. 
Nessler’s method for ammonia. 

Fiske, C. II. and Karsner, H. T., J. Biol. Chem. 16, 399 (1913-14). Deter- 
mine total non-protein nitrogen, urea and ammonia by methods of Folin and 
Denis. 

Stanford, R. V., Z. physiol. Chem., 86, 219; C. A. 8, 146 (1914). Comparative 
study of cerebrospinal fluid in mental diseases. II. Nitrogen. Quantitative 
determinations of small amounts of nitrogen. Uses a combination of the 
Kjeldahl and Nessler processes. 

Jacobson, C., J. Biol. Chem. 18, 133 (1914). The rate of disappearance of 
ammonia from the blood in normal and in thyroidectomized animals. Deter- 
mines blood ammonia with Nessler’s reagent. 

Fiske, C. H. and Sumner, J. B., J. Biol. Chem. 18, 285 (1914). The impor- 
tance of the liver in urea formation from amino-acids. Use method of Folin 
and Denis [J. Biol. Chem. 11, 527 (l912)] for non-protein nitrogen and urea, 
also ammonia with slight modifications in the case of tissue. 

Gulick, a., j. Biol. Chem. 18, 541 (1914). A simplification of the determina- 
tion of total nitrogen by colorimetry. 
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Folin, 0. and Denis, W., J. Biol. Chem. 26, 497 (1916). Nitrogen determina- 
tions by direct Nesslerization. 

Foxwell, G. E., Gas World 64, No. 1654 (Cooking Section), 10 (1916); C. a. 
10, 1484 (1916). Method is based upon the blue color formed by NH 4 sails 
with phenol and NaOCl. 

Arny, H. V. and Ring, C. H., J. Ind. Eng. Chem. 8 , 309 (1916); C. A. 10, 
1146 (1916); see also Proc. 8th Intern. Cong. Appl. Chem., 26, 319; cf. Arnv 
and Pickhardt, Drug. Circ. 68, 131 (1914) and J. Franklin Inst. Aug., 1915. 
Use colored solutions of CoCU-OHA), FeClj-bHaO, and CuSOrSH^iO to pre- 
pare standard color solutions. Use Nessler’s reagent for NHa. 

Kolthoff, I. M., Utrecht. Pharm. Weekblad 64, 633; C. A. 11, 2701 (1917). 
Chemical study of potable waters. 111. Ammonia, nitrite and nitrate. 

Folin, 0. and Bell, R. D., J. Biol. Chem. 29, 329 (1917); J. Soc. Chem. Ind. 
36, 572 (1917). Applications of a new reagent for the separation of ammonia. 
NHa “absorbed” by an “aluminatc silicate” (called in trade “Permutit”). 
Na replaced in part by NIU. 

Sumner, J. B., J. Biol. Chem. 34, 37 (1918). A new method for the direct 
Nesslerization of ammonia. Uses Cu(OH )2 to remove the creatinine. 

Egerer, G. and Ford, F., J. Lab. Clin. Med. 4, 439 (1919); C. A. 13, 2224 
(1919). Picramic acid as a standard in colorimetric determinations of nitro- 
gen by Nesslcr’s method. 

Treadwell, F. P. and Hall, W. T. (Translator from the German), Analytical 
Chemistry. Vol. II. Quantitative Analysis 5 ed., p. 60, John Wiley & 
Sons, Inc., New York, 1919. Use Nessler’s reagent. 

Morgulis, S. and Jahr, H. M., J. Biol. Chem. 38, 435 (1919). Determination 
of ammonia in the blood. Nesslerizes. 

Folin, 0., J. Biol. Chem. 39, 259 (1919). Determination of ammonia in blood. 
Discusses method given by Morgulis and Jahr fj. Biol. Chem. 38, 435 (1919)]. 

Allen, E. R. and Davisson, B. S., J. Biol. Chem. 40, 183 (1919). On the rela- 
tive accuracy of colorimetric and titrimetric procedures for determining nitro- 
gen as ammonia. 

Pincussohn, L., Biochem. Z. 99, 271 (1919). Determination of ammonia in 
urine. 

Kolthoff, I. M., Pharm. Weekblad 67, 1253 (1920); C. A. 16, 352 (1921); 
J. Soc. Chem. Ind. 39, 761A (1920), Colorimetric determination of ammonia, 
nitrite, and nitrate. Studies made of the influence of time, temperature, 
amount of reagent, presence of impurities, and the accuracy of colorimetric 
determinations. 

Youngburg, G, E., j. Biol. Chem. 46, 391 (1920-21). The removal of ammonia 
from urine preparatory to the determination of urea. Ammonia by “Per- 
mutit” colorimetric method. 

Friedrichs, 0. v., Arch. Pharm. 269, 158*(1921); C. A. 16, 786 (1922). Con- 
ditions for the suitable preparation of Nessler’s reagent for pharmacopeias. 
Of 10 methods of preparation considered, the method of F. is believed to be 
the best, viz.: Shake 2 g, KI and 3.5 g. finely powdered HgL with 3 cc. 



BIBLIOGRAPHY 


549 


water, add 60 cc. 0.2 N KOH, then dilute to 100 cc. with water. After several 
days decant off the clear liquid, or pass it through asbestos. 

Snell, F. D., Colorimetric Analysis, p. 118, D. Van Nostrand Co., New York, 
1921. Determination of ammonia by Nessler’s reagent. 

Snell, F. D., ibid., p. 119, 1921. Determination of ammonia by phenol. 

Heyde, H. C. van der, J. Biol. Chem. 46, 521 (1921). Studies on organic regu- 
lation. I. Ihe composition of the urine and blood of the hibernating frog, 
rana virescens kalm. Ammonia by Ncsslerization. 

Nash, T. P., Jr. and Benedict, S. R., J. Biol. Chem. 48, 463 (1921), The 
ammonia content of the blood, and its bearing on the mechanism of acid neu- 
tralization in the animal organism. Nesslerize. 

Fiske, C. H., j. Biol. Chem. 66, 191 (1923). The hydrolysis of amides in the 
animal body, ihe comparative stability of surface active homologs in 
relation to the mechanism of enzyme action. Ammonia, amide, etc., colori- 
metrically. 

Stanford, R. V., Biochem. J. 17, 844 (1923); C. A. 18, 954 (1924). Ncssleriza- 
tion, and the avoidance of turbidity in Ncsslerized solutions. Solution should 
not contain more than 0.02 0.03 mg. N per cc. Reagent should be added 
drop by drop with constant shaking. Under these conditions, a clear solution 
is always obtained. 

Koch, F. C. and McMeekin, T. L., J. Am. Chem. Soc. 46, 2066 (1924). A new 
direct Nesslerization microkjeldahl method and a modification of the Nessler- 
Folin reagent for ammonia. 

Folin, 0., Biochem. J. 18, 460 (1924); C. A. 18, 2300 (1924), An answer to 
Stanford (Biochem. J. 17, 844). Folin maintains that “direct Nessleriza- 
tion “ is possible. 

Orr, a. P., Biochem. J. 18, 806 (1924); J. Chem. Soc. 128, i, 184 (1925). A 
colorimetric method for the estimation of ammonia in urine. Uses phenol 
(in excess) and Na liypochlorite. Blue color in 5 minutes. 

Richmond, H. D., Analyst 60, 67 (1925); ('. A. 19, 2610 (1925). Preparation of 
Nessler’s solution. 

Richmond, H. D., Analyst 60, 336 (1925); C. A. 19, 2921 (1925). Preparation 
of Nessler’s solution. 

Winkler, L. W., Z. Nahr. Genussm. 49, 163 (1925); C. A. 19, 2314 (1925). 
Nessler’s reagent without potassium iodide. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed.. p. 345, D. Van 
Nostrand Co., New York, 1926. Uses Ncssler’s reagent. 

ITske, C. H. and Sokhey, S. S., J. Biol. Chem. 63, 309 (1925). Ammonia and 
fixed base excretion after the administration of acid by various paths. Ammo- 
nia by Folin-Macallum method. 

Frederick, R. C., Analyst 60, 183 (1925). Preparation of Ncssler’s solution. 
“Expts. are cited to show that tjie sensitiveness of N.’s reagent does not 
increase with age although this statement is often made. To sensitize N.’s 
solution, it is customary to add, to a suitable quantity of the stock solution, 
saturated HgClj solution dropwise until a distinct yellow turbidity is pro- 
duced. It is not generally known that the effect remains at a maximum 
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for only 2 hours. Color and turbidity usually disappear when 2 cc. of |]ic 
solution are added to 50 cc. of water tested. The difference in color {)ro- 
duced by sensitized and nonsensitized solutions is most marked when al)oui 
0.005 mg. of Nila is present.” W. T. H., C. A. 19, 2002 (1925). 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 cd., P. 
Blakiston’s Son and Co., Philadelphia, 1926. Determination of ammonia in 
urine, pp. 726-728. 

Bernouilli, a. L., Hclv. Chim. Acta. 9, 827 (1926); C. A. 21, 30 (1927). The 
.sliding-gage colorimeter and the determination of minute quantities of ammo- 
nia, nitrite, lead, and iron. By means of this instrument it is possible to deter- 
mine 0.002 mg. of Fe dissolved in 0.1 cc. with an accuracy of 0.4 of 1 per cent 
of the total amount present. 

Amyl Alcohol. 

Rocques, X., Ann. chim. anal, 2, 221, 222; Analyst 22, 285 (1897). 

Aniline. 

Tizard, H. T., Proc. Chem. Soc. Oct. 20, 1910; Chem. News 102, 277 (1910). 
The hydrolysis of aniline salts measured colorimetrically. 

Elvove, E., J. Ind. Eng. Chem. 9, 953 (1917); C. A. 11, 3199 (1917); J. Soc. 
Chem. Ind. 36, 1231 (1917); cf. Hebert and Heim, Rev. chim. ind. 21, 338; 
C. A. 6, 791 (1911). A method for the colorimetric estimation of small 
amounts of aniline. Uses calcium hyixjchlorite. Reaction sensitized with 
NaOH. 

Christian.sen, W. G. 0., J. Ind. Eng. Chem. 11, 763 (1919). Determination of 
aniline in dilute aqueous solution. 

Anthracene. 

Lewis, H. F., Ind. Eng. Chem. 16, 1184 (1924); J. Chem. Soc. 128, ii, 74 (1925); 
C. A. 19, 452 (1925). Determination of anthracene in anthraquinone. Method 
based on the fact that when a solution of anthracene in “oleum” is heated, 
charring takes place, but a similar solution of anthraquinone remains yellow. 
Dissolve in “ 10 per cent oleum” heated at 150°, then pour into water, filter, 
and match color of filtrate against standard solutions of KiCriO^ and CoCL. 
Accuracy 0.1 per cent up to 7 per cent of anthracene present. 

Antimony. 

ScHiDROwiTZ, P. and Goldsbrough, H. A., Analyst 36, 101 (1911); C. A. 6, 
2230 (1911); J. Soc. Chem. Ind. 30, 449 (1911). Use gum acacia and H 2 S. 
The acacia is added to ensure colloidal suspension. Can detect 1 part of Sb 
in 2,000,000 parts of water. Only 70 to 80 per cent of original amount of Sb 
recovered. 

Beam, W. and Freak, G. A., Analyst 4A, 196 (1919); C. A. 13, 2323 (1919); 
Chem. News 118, 236 (1919); J. Soc. Chem. Ind. 38, 515A (1919). Deter- 
mination as sulfide. An improvement on method of Schidrowitz and .Golds- 
brough, Analyst 36, 101 (1911), which recovers only 70 to 80 per cent of the 
original amount of Sb. This method recovers 98 to 103 per cent of the Sb. 
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Evans, B. S., Analyst 47, 1 (1922); C. A. 16, 1545 (1922); J. Soc. Chem. Ind. 
41, 144A (1922). The estimation of small quantities of antimony in copper 
and brass. SbjSs method. 

Jarvinen, K. K., Z. Untersuch. Nahr. Gcnussm. 46, 183 (1923); J. Chem. Soc. 
124, ii, 635 (1923). Colorimetric estimation of small quantities of metals in 
foodstuffs and the preliminary destruction of the organic matter. See the 
brief abstract of this reference under Aluminum. 

Aromatic Hydroxy-Acids. 

Koessler, K. K. and Hanke, M. T., J. Biol. Chem. 69, 835 (1924). On the 
faculty of normal intestinal bacteria to form toxic amines. Histidine, aro- 
matic hydroxy acids, and tyrosine determined coloriinctrically. 

Arsenic. 

Cooper, A. J., J. Soc. Chem. Ind. 6, 84 (1886). Note on the detection of metals 
in drinking water. Gives a table showing the delicacy of the following tests: 
K,Fe(CN)6, NH4OH, and IGS tests for Cu; (NHO^S test for Zn; II^S test 
for As; K2Cr04 and H2S tests for Pb. 

Levy, L., Compt. rend. 103, 1074, 1195; see also J. Anal. Chem. 1, 201 (1887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tantalic, stannic, 
arsenic, and vanadic acid.s, and bismuth oxide. Reagents used were either 
phenols or allied substances. 

Atterberg, a., Chem.-Ztg. 26, 264 (1901); Analyst 26, 165 (1901). Rapid 
estimation of small quantities of arsenic. Uses sodium hypophosphite in 
HCl solution to give a gray or black “ring test.” Matches against a series 
of standards. 

Peck, Trans. Brit. Pharm. Conf., p. 452 (1901). 

Mai, j., Z. anal. Chem. 41, 362 (1902); Analyst 27, 335 (1902); J. Soc. Chem. 
Ind. 21, 1098 (1902). A colorimetric inelhod of determining arsenious acid. 
Method based on conversion of the arsenic compounds into AsClj and the 
latter into As^Sj. 

Sanger, C. R. and Black, 0. F., J. Soc. Chem. Ind. 26, 1115 (1907). The 
quantitative determination of arsenic by the Gutzeit method. Use HgCL 
paper. Gives a bibliography of 36 references. 

Allen, W. S. and Palmer, R. M., Orig. Com. 8th Intern. Cong. Appl. Chem. 1, 
9 (1912); sec also Disc. ibid. 27, 4. A revised and improved method of 
accurately determining arsenic based on the Gutzeit test. Gutzeit test 
based on reaction between AsH, and AgXO.,. A. and P. use HgCU in place 
of AgNOs for impregnating the standard papers. 

Moreau, L. and Vinet, E., Compt. rend. 168, 869 (1914). Sur une methode 
de dosage dc traces d’arscnic de Tordre du millieme de milligramme. The 
method is based upon the formation of a stain on AgNOs crystals by the 

action of AsHa. , . 1 

Treadwell, F. P. and Hall, W. T. (Translator from the German), Analytical 
Chemistry, Vol. II. Quantitative Analysis. 5 ed., p. 208, John Wiley & 
Sons, Inc., New York, 1919. 
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ScHEFFLER, K., Z. angcw. Chem. 34, 5 (1921); J, Chem. Soc. 120, ii, 215 (1921); 
C. A. 16, 1735 (1921). Colorimetric estimation of arsenic in the urine and 
blood of persons treated with salvarsan. Uses Bettendorf’s reagent (SnCl. 
in HCl, sp. gr. 1.123). Brown coloration obtained, 

Snell, F. D., Colorimetric Analysis, p. 64, D. Van Nostrand Co., New York, 
1921. Determination of arsenic by the stain produced on HgBrj paper l)y 
AsHa. 

Snell, F. D., Colorimetric Analysis, p. 67, D. Van Nostrand Co., New York, 
1921. Determination of ansenic by AgNOa. 

Cribier, J., J. pharm. chim. [7], 24, 241 (1921); J. Chem. Soc. 120, ii, 653 
(1921). Method based on the intensifying and fixing action of K1 on the 
yellow stain produced by hydrogen arsenide on MgCl^ paper. Similar stains 
by the hydrides of Sb, S, and P are not altered by KI in this way. 

Chouchak, D., Ann. chim. anal. chim. appl. [2], 4, 138 (1922); C. A. 16, 2278 
(1922); Analyst 47, 317 (1922). The colorimetric determination of arsenic 
by means of quinine molybdate. 

Jarvinen, K. K., Z. Untersuch. Nahr. Genussm. 46, 183 (1923); J. Chem. 
Soc. 124, ii, 655 (1923). Colorimetric estimation of small quantities of 
metals in foodstuffs and the preliminary destruction of the organic matter. 
See the brief abstract of this reference under Aluminum. 

Atkins, W. R. G. and Wilson, E. G., Biochem. J. 20, 1223 (1926); C. A. 21, 
1778 (1927). Colorimetric estimation of minute amounts of compounds of 
silicon, of phosphorus and of arsenic. 

Benzoic Acid. 

Jones, A. J., Pharm. J. 116, 144 (1925); Analyst 60, 563 (1925); C. A. 20, 95 
(1926). Colorimetric determination of benzoic acid in cordials, etc. 

Bile Acids. 

Rosenthal, F. and Lauterback. F., Arch, cxptl. Path. Pharmakol. 101, 1 
(1924); J. Chem. Soc. 126, ii, 431 (1924). Colorimetric determination of bile 
acids in human body fluids. Use the naphthaquinone-sulphonic acid reaction 
of Folin. 

Perlzweig, W. a. and Barron, E, G., Proc. Soc. Exptl. Biol. Med. 24, 233 
(1926); C. A. 21, 2284 ( 1927). New colorimetric method for determination of 
bile acids in .blood. 

Bile Pigment. 

Meulengracht, Deutsch. Arch. klin. Med. 132, 285 (1920); see also Hawk and 
Bergeim, Practical Physiological Chemistry, 9 ed., p. 396, P. Blakislon's 
Son and Co., Philadelphia, 1925, Determination of bile pigment in scrum. 
Compares the intensity of yellow pigmentation of serum with a standard 
K2Cr207 solution. 

Van den Bergh, Presse m6d. 29, 441 (1921). 

Preston, J. Lab. Clin. Med. 11, 879 (1926). 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 ed., pp. 
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396-397, P. Blakiston’s Son and Co., Philadelphia, 1926. Determination of 
bile pigment in serum. 

Bile Salts. 

Tashiro, S., Proc. Am. Soc. Biol. Chcm., J. Biol. Chcm. 63, Ixiv (1925); C. A. 19, 
3503 (1925). A colorimetric method for determination of bile salts in the 
blood. Based upon Pcttenkofer’s test. Sensitive to 5 in 100,000. 

Szilard, P., Biochem. Z. 169, 325 (1925). Colorimetric determination of bile 
salts in the blood. 

Lifschutz, I., Biochem. Z. 171, 501 (1926). Determination of bile salts in 
blood. (Correction.) A criticism of Szilard’s method, Biochem. Z. 169, 325 
(1925). 

SziL-ARD, P., Biochem. Z. 173, 440 (1926); C. A. 21, 753 (1927). Colorimetric 
determination of bile salts in blood. 

Bilirubin. 

Haselhort, G., Miinch. med. Wochschr. 68 , 174 (1921); Bcr. gcs. Physiol, 
exptl. Pharmakol. 7, 65 (1921). A new quantitative method for the deter- 
mination of bilirubin in blood scrum. 

Meulengraciit, E., Compt. rend. soc. biol. 84, 153 (1921); Bcr. ges. Physiol, 
exptl. Pharmakol. 7, 65 (1921). Quantitative bilirubin determinations in 
cases of bilirubinencmia. 

Meulengracht, E., Deut. Arch. klin. Med. 137, 38 (1921); Bcr. gcs. Physiol, 
exptl. Pharmakol. 10, 414 (1921-22). A colorimeter for bilirubin determina- 
tion in blood. 

Biological Fluids. 

Rohde, A. and Sweeney, M., J. Biol. Chcm. 36, 475 (1918). On a source of 
error in the use of picric acid in colorimetric estimation of biological fluids. 
Picric acid kept in a moist condition for several months must not be used. 

Bismuth. 

Thresh, T. C., Pharm. J. 1880, 641. Uses bismuth iodide method. 

Levy, L., Compt. rend. 103, 1074, 1195; sec also J. Anal. Chem. 1 , 201 (1887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tantalic, stannic, 
arsenic, and vanadic acids, and bismuth oxide. Reagents used were either 
phenols or allied substances. 

Stone, F. B., J. Soc. Chem. Ind. 6 , 416 (1887); sec also J. Anal. Chem. 1 , 411 
(1887). A delicate test for bismuth. Uses KI, which when added to Bi,(SOA) j 
in dilute H 2 SO 4 gives a yellow color. O.l mg. Bi can be detected in 10 
grams Cu. 

Planes, P., J. pharm. chim. 18, 385 (1903); J. Chem. Soc. 86 , ii, 93 (1904); 
J. Soc. Chem. Ind. 22, 1259 (1903). Method depends on the fact that in the 
presence of glycerol KI docs not precipitate Bi but gives a yellow “solution.” 
Conversely, the method can be used to estimate iodides. Standard made as 
follows: Dissolve 1 g. pure metallic Bi in 3 cc. HNOi and 2.8 cc. water. 
Dilute to 100 cc. with glycerol. Dissolve 5 g. KI in 5 cc. of each of these 
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solutions mixed and diluted to 50 cc. with a mixture of glycerol and water 
About 1 per cent solutions of Bi are compared. 

Cloud, T. C., J. Soc. Chem. Ind. 23, 523 (1904). Determination of minute quan- 
tities of bismuth in copper and copper ores. Uses Pb(N 03 ) 2 , HNOa, and Kl. 
Will easily determine 0.01 mg. Bi. Method was used as a qualitative test for 
Bi by Abel and Field, J. Chem. Soc. 14, 290 (1861). 

Rowell, H. W., J. Soc. Chem. Ind. 27, 102 (1908); J. Chem. Soc. 94, ii, 325 
(1908). Uses H 2 S 04 , KI, and H^SOj. Large amounts of Pb, Cu, Sn, Sb, Au, 
and Ag must be absent. 

Motherwell, H. A. B., Eng. Mining J. 104, 1091 (1917); C. A. 12, 460 (1918); 
J. Soc. Chem. Ind. 37, 92A (1918). 

Spurge, G., Chem. Eng. Mining Rev. 11, 80 (1918); C. A. 13, 2648 (1919); 
Chem. Age 4, 584 (1921); Analyst 46, 298 (1921). Colorimetric estimation of 
bismuth in high-grade ores. Details of procedure given in C. A. 13, 2648 
(1919). HNO 3 solution of sample + KI -f 3 drops H 2 SO 3 . 0.05 g. sample 
for 3 per cent Bi and over, 0.5 g. for below 3 per cent Bi. Comparative results 
with the BiOCl method show excellent agreement on ores containing 13 to 
45 per cent Bi. 

Phillips, W. T., Eng. Mining J. 106, 882 (1918); C. A. 12, 1446 (1918). Method 
practically the same as that reported by Motherwell [Eng. Mining J. 104, 
1091 (1917)] and has been in use in S. Wales for several years. 

Snell, F. D., Colorimetric Analysis, p. 62, D. Van Nostrand Co., New York, 
1921. Determination of bismuth as the iodide. 

Auhry, P., j. pharni. chim. 26, 15 (1922); C. A. 16, 2343 (1922); Analyst 47, 
129 (1922). Detection of bismuth in urine. Uses quinine sulfate, H 2 SO 4 , 
and KI. Orange-red precipitate. Gives a color at a dilution of 1 : 600,000 
of Bi 203 . A direct colorimetric determination was not successful. 

CUNY, L. and Poirot, G., J. pharm. chim. [7], 28, 215 (1923); C. A. 18, 208 
(1923); Analyst 49, 48 (1924); J. Soc. Chem. Ind. 43, B38 (1924). With 
P. Aubry’s iodoquinic reagent [J. pharm. chim. 26, 15 (1922)], addition of 
gum arabic causes an orange-yellow colloidal solution of the precipitate to 
from. Its color intensity varies with the Bi concentration. 

Laporte, C. E., j. pharm. chim. [7] 28, 304 (1923); C. A. 18, 1259 (1924); J. 
Soc. Chem. Ind. 43, B 38 (1924). Method based on that of Aubry [J. pharni. 
chim. 26, 15 (1922)] and the solubility of the precipitate in acetone. For a Bi 
content between 0.1 and 1 mg. Bi 203 , mix 10 cc. of the Bi solution in 10 per 
cent HNOs with 2 cc. of Leger- Aubry’s reagent, 8 cc. of acetone, and compare 
color with standard Bi solution similarly treated. 

Autenrieth, W. and Meyer, A., Munch, med. Wochschr. 71, 601 (1924); 
Chem. Zentr. 1924, ii, 220; J. Chem. Soc. 128, i, 182 (1925). Determination 
of bismuth in organs, blood, and excreta. IMethod based on formation of 
KBiU. 

Kurthy, L. and Muller, IL, Biochem.’Z. 147, 377 (1924); J. Chem. Soc. 128, 
ii, 73 (1925). Method suited to biological application. Bi precipitated as 
phosphate with (NH 4 ) 2 HP 04 and the PO 4 determined with molybdic acid, 
quinol and Na 2 COi. 
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KilRTHY, L. and Muller, H., Biochcm. Z. 149, 236 (1924). 

Scott, W. W., Standard Methods of Chemical Analysis, 4 cd., pp. 77 and 78, 
D. Van Nostrand Co., New York, 1926. Uses cinchonine KI (method of 
W. C. Ferguson) and bismuth iodide (T. C. Thresh, Pharm. J. 1880, 641) 
methods. 

Hill, C. A., Lancet 1926, II, 1281; C. A. 20, 1255 (1926). 

Jones, C. 0. and Frost, E. C., Ind. Eng. Chem. 18, 596 (1926). Note on the 
determination of small amounts of bismuth in copper. Use KI and IL-SOj. 
Method suitable for the determination of 0.001 per cent of Bi in Cu. 

Blood. 

Myers, V. C., J. Lab. Clin. Alcd. 6, 349 (1919-20). Chemical changes in the 
blood in disease. 

Myers, R. G., J. Biol. Chem. 41, 119 (1920). A chemical study of the blood 
of several invertebrate animals. Colorimetric methods for dilTerent constit- 
uents. 

Hammett, F. S., J. Biol. Chem. 41, 599 (1920). Studies of variations in the 
chemical composition of human blood. 

Dale, II. H. and Evans, C. L., J. Physiol. 64, 167 (1920-21). Colorimetric 
determination of the reaction of blood by dialysis. 

Atkinson, H. V. and Ets, H. N., J. Biol. ('hem. 62, 5 (1922). Chemical changes 
of the blood under the influence of drugs. 1. Ether. Use Kober nephelome- 
ter-colorimeter. 

DExNIS, VV. and Hobson, S., J. Biol. Chem. 66, 183 (1923). A study of the inor- 
ganic constituents of the blood serum in nephritis. Colorimetric methods 
given in J. Biol. Chem. 66, 184. 

Denis, W. (with the assistance of Julia Goddard), J. Biol. Chem. 66, 473 (1923). 
A study of the inorganic constituents of the blood in experimental nephritis. 

Koehler, A. E., J. Biol. Chem. 62, 816 (1923-24). Colorimetric determination 
of blood. 

Whelan, M., J, Biol. Chem. 63, 585 (1925). The effect of intravenous injec- 
tion of inorganic chlorides on the connx)sition of blood and urine. 

Hiller, A., Linder, G. C. and Van Slyke, D. D., J. Biol. Chem. 64, 625 (1925). 
The reducing substances of the blood. C'ompares several methods. 

Lewis, H. B., with the cooperation of H. Updegraff, J. Biol. Chem. 66, 187 
(1925). The metabolism of sulfur. IX. The effect of repeated administra- 
tion of small amounts of cystine. Creatinine and amino-acid N by holin 
methods. Cystine by Looney’s method. Blood by Folin-Wu procedure. 

Stone, W. J., Blood (Chemistry: Colorimetric Methods, 2 ed., Paul B. Hoeber, 
Inc., New York. 129 pp. Reviewed in J. Am. Med. Assocn. 87, 434 (1926). 

Blood Analysis. 

Folin, 0. and Wu, IL, J. Biol. Chenv 38, 81 (1919). 

Myers, V. C., Practical Chemical Analysis of Blood, 2 ed., C. V. Mosby Co., 
St. Louis, 1924. 

Hopkins, E. G., McCrackan, R. F. and Sharpe, W. F., Bull. Med. Coll. Va. 23, 
No. 3, 24 (1926). Some time-saving procedures in the colorimetric analysis of 
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blood filtrates. I. Reliability of the dilution type of colorimeter. II. Prc])- 
aration of permanent standards. III. Use of reduced amounts of blood aiid 
conservation of reagents. IV\ Simplified calculations in colorimetry. “The 
diln. type of colorimeter is recommended for class use. Creatinine standards for 
the colorimetric detn. of creatinine are recommended in place of the dichromate 
standard. Creatinine as a by-product in the manuf. of meat juice is not non- 
expensive. P'olin’s method of blood analysis was modified so that 4 constit- 
uents of clinical importance could be detd. in 2 cc. of blood. Calcns. in colorim- 
etry were simplified so that results were obtained by multiplying readings hy 
simple factors such as 10 or 2.” L. W. Riggs, C. A. 21, 2005 (1927). 

Blood Fat. 

Dubin, H., J. Biol. Chem. 33, 377 (1918). Studies of the blood fat and lipoids 
of the dog before and after the production of experimental anemia. Nephel- 
ometric and colorimetric methods of Bloor. 

IIoRiucHi, Y., J. Biol. Chem. 44, 345 (1920). Variation of the blood fat con- 
stituents of rabbits under normal conditions. Nephelometric methods fur 
total fat and lecithin colorimetric for cholesterol. 

Boric Acid. 

Hebebrand, a., Z. Untersuch. Nahr. Genussm. 6, 55 (1902); J. Soc, ('hem. Ind. 
21„ 278 (1902). Uses curcumin. 

Hebebrand, A., Z. Untersuch. Nahr. Genussm. 6, 1044 (1902); Analyst 28, 37 
(1903). The amount of boric acid in fruits. Uses turmeric solution. 

C'assal, C. E. and Gerrans, H., Brit. Food J. 4, 210 (1902) and Chem. New ., 
87, 27 (1903); J. (7hem. Soc. 84, ii, 332 (1903); J. Soc. Chem. Ind. 22, 381 
(1903). Use an alcoholic solution of curcumin. 

Allen, A. H. and Tankard, A. R., Analyst 29, 304 (1904). The determina- 
tion of Iwric acid in cider, fruits, etc. Refer to the method of Cassal and 
Gerrans [Brit. Food J. 4, 210 (1902)] for boric acid in milk, and other food .. 
This method is based upon the fact that in the presence of oxalic acid the 
coloring matter of turmeric forms with boric acid an intense magenta-reil 
color more delicate than the ordinary turmeric reaction (i.e., when oxalic acid 
is absent), and permanent for many hours. 

Cribb, C. H. and Arnaud, F. W. F., Analyst 31, 147 (1906); J. Chem. Soc. 90, 
ii, 394 (1906). Approximate estimation of boric acid. Use turmeric paper. 
Bertrand G. and Aguliion, IL, Compt. rend. 167, 1433 (1913); J. Chem. Soc. 
106, ii, 146 (1914). Method of estimating extremely small quantities of 
boron in organic substances. Use turmeric paper. 

ITlippi, E., Arch, farmacognosia sci. afl'ini. 3, 29 (1914); through Ann. chiin. 
applicata 1, 564; C. A. 9, 901 (1915). Determination of small quantities of 
boron in organic substances. Uses curcumin. 

Halphen, G., Ann. fals. 8, 1 (1915); J. Soc. Chem. Ind, 34, 278; C. A. 9, 2044 
(1^15). Uses turmeric solution. 

Hawley, H,, Proc. Soc. Pub. Anal. March 3, 1915; Chem. News 111, 143 (1915). 
Routine detection and estimation of boric acid in butter. Uses an alcoholic 
extract of turmeric. 
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wSnell, F. D., Colorimetric Analysis, p. 126, D. Van Noslraml Co., New York, 
1921. Determination of boric acid by curcumin. 

Snell, F. D., Colorimetric Analysis, p. 127, D. Van Nostrand Co., New York, 
1921. Determination of boric acid by turmeric paper. 

Boron. (See Boric acid.) 

Bromine. 

Hall, C. C., J. Anal. Chem. 4, 167 (1800). Rapid determination of bromine in 
presence of chlorine. Hr liberated by Cl and dissolved in CHCli. 

Dibdin, W. J. and Cooper, L. 1L, Analyst 35, loO (1010); J. ('hem. Soc. 98, 
ii, 448 (1910); C. A. 4, 2240 (1010); J. Sac. Chem. Ind. 29, 562 (1010). Col- 
orimetric estimation of small quantities of bromine in the presence of large 
quantities of chlorine and small quantities of iodine. Use HoSO^ and C'l. 
Brown color of Br solution is matched against a standard similarly treated. 

Baubigny, II., Bull. soc. chim. 9, 352; C. A. 6, 2380 (1011). Determination 
of very small amounts of bromine in the presence of chlorides and iodides. 
Recommends the colorimetric method for amounts of the order of 0.01 mg. 
but for 1 mg. or more, the Br is distilled off after adding KMnO^ and weighed 
as AgBr. 

J. Assocn. Official Agri. Chem. [1] 1, 07 (1015). A study of the colorimetric meth- 
ods for Br shows that they are not entirely satisfactory. 

.Sweeney, 0. R. and Withrow, J. R., J. Ind. Eng. Chem. 9, 671 (1017). 'the 
chemical examination of natural brines. Br liberated by Cl-waler and dis- 
solved in cell. 

Oppenhetmer, E., .\rch. exptl. Path. Pharmakol. 89, 17 (1021); J. Chem. Soc. 
120, ii, 273 (1021); Analyst 46, 516 (1921). A new method for the estimation 
of bromine in very small (luantilics. Schiff’s reagent is colored deep blue 
violet by bromine. 

Scott, W. \\^, Standard Methods of Chemical .Analysis, 4 ed. p. 06, D. Van 
Nostrand Co., New York, 1925. Uses magenta reagent. A solution con- 
taining 0.001 g. Br. per liter gives a violet to reddish- violet color. 

Brucine. 

Dowzard, E., Proc. Chem. Soc. (London), 18, 220 (1002); Chem. News 87, 99 
(1903); J. Soc. Chem. Ind. 21, 1560 (1902). The determination of brucine in 
nux vomica. 

WoBER, A., Z. agnew. Chem. 31, i, 124 (1018); J. Chem. Soc. Ill, ii, 330 (1018); 
J. Soc. Chem. Ind. 37, 441 A (1918) ; Z. anal. Chem. 62, 256 (1923). Colorimet- 
ric estimation of brucine in presence of strychnine. Uses a mixture of con- 
centrated HNOs and 20 per cent H^SO, in Dowzard’s method and adds a 
saturated solution of KClOa immediately after the reaction. This modified 
procedure is more reliable than the original in which the coloration fades with 
varying velocity. 

Buffer. 

McIlvaine, T. C., j. Biol. Chem. 49, 183 (1921). Buffer solution for color- 
imetric comparison. 
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Butyric Acid. 

Deniges, G., Bull. soc. pharm. Bordeaux, 1917, No. 3; Repert. pharm. 28, 
262 (1917); Ann. chim. anal. 23, 27 (1918); J. Chem. Soc. 114, ii, 138 (1918); 
C. A. 11, 3198 (1917). Detection and estimation of butyric acid. 

Calcium. 

Hinds, J. I. D., J. Am. Chem. Soc. 18, 661 (1896) and Chem. News 73, 285, 299 
(1896). Photometric method for the quantitative determination of linic 
and sulfuric acid. 

Hinds, J. I. D., J. Am. Chem. Soc. 22, 269 (1900). Lime and sulfuric acid by 
the photometric method. 

Lyman, H., J. Biol. Chem. 21, 551 (1915). A turbidimetric method. Ca is 
precipitated as CaCLOj, dissolved, and reprecipitated as Ca-soap. The cloud 
thus formed is matched in a colorimeter against a standard suspension. 

Howland, J., Haessler, F. H. and Marriott, W. McK., Proc. Amer. Soc. 
Biol. Chem., J. Biol. Chem. 24, xviii (1916). The use of a new reagent for 
microcolorimetric analysis as applied to the determination of calcium and of 
inorganic phosphates in the blood serum. The methods arc based on t he fact 
that the red color of a solution of Fc(CNS )3 is discharged by certain sub- 
stances, e.g., oxalates and phosphates. Ca is precipitated as the oxalate, 
dissolved in acid, added to a standard solution of Fe(CNS) 3 , and made up 
to a definite volume. The color of the solution is compared with that of a 
solution containing known amounts of CaC 304 and Fe(CNS) 3 . The phos- 
phates are precipitated as MgNH 4 P 04 , the latter dissolved and color com- 
parison made as above. 

Marriott, W. McK. and Howland, J., J. Biol. Chem. 32, 233 (1917). A 
micro method for the determination of calcium and magnesium in blood scrum. 
Use Fe(CNS).-, method. 

Kramer, B. and Tisdall, F. F., J. Biol. Chem. 47, 475 (1921); Proc. Am. Soc. 
Biol. Chem., J. Biol. Chem. 47, xl (1921); Johns Hopkins Hospital Bull. 32, 
46 (1921). A simple technique for the determination of calcium and mag- 
nesium in small amounts of .serum. Use Fe(CNS )3 method. 

Clark, G. W., J. Biol. Chem. 49, 487 (1921). The micro determination of cal- 
cium in whole blood, plasma, and scrum by direct precipitation. Kephe- 
lometrically as Ca-soap. Colorimctrically with ferric thiocyanate. 

Laidlaw, P. P. and Payne, W. W., Biochem. J. 16, 494 (1922); C. A. 17, 384<s 
(1923); J. Sbc. Chem. Ind. 41, 918A (1922). U.sc alizarinate method. Accu- 
rate to 0,002 mg. Ca. 

Gregoire, A., Carpiaux, E., Larose, E., and Sola, T., Bull. soc. chim. Bclg. 
32, 123 (1923); C. A. 17, 1931 (1923); J. Soc. Chem. Ind. 42, 427A (1923); 
Z. anal. Chem. 64, 342 (1924). Ca precipitated as pale yellow colloidal Ca 
oleate. 

Cheneveau, C. and Boussu, R., CompU rend. 177, 1296 (1923); Sur le dosage 
di^calcium par la m6thode opacimetrique. 

Feigl, F. and Pavelka, F., Mikrochemie 2, 85 (1924); J. Chem. Soc. 126, ii, 
784 (1924). Use ammonium ferrocyanidc and 50 per cent alcohol. 



BIBLIOGRAPHY 


559 


Roe, J. H. and Kahn, B. S., J. Biol. Chcm. 67. .*585 (1926). A colorimetric 
method for the estimation of blood calcium. 

Calculations. 

Stoner, W. IL, J. Lab. Clin. Med. 10, 574 (1924-25). Simplified colorimetric 
calculation. 

Hopkins, E. G., McCrackan, R. F., and Sharpe, \V. F., Bui. Med. Coll. Va. 
23, No. 3, 24 (1926); C. A. 21, 2005 (1927). 

McCrackan, R. F., Passamaneck, E., and Harman, (Miss) K. E., J. Chem. 
Education 3, 416 (1926). Simplified calculations in colorimetry. 

Caramel. 

Hale, C. F., Chem. Eng. 14, 475; C. A. 6, 666 (1912). Colorimetric test for 
caramel. 

Meade, G. P., Ind. Eng. Chem. 16, 275 (1923). I'hc estimation of caramel 
in sugar products— criticism of the Ehrlich method. 

Carbohydrate. (Sec also, Dextrose, Glucose, Lactose, and Sugar.) 

Neitzel, E., Neue Z. Rubenzucker Ind. 10, 833; J. Soc. Chem. Ind. 13, 285 
(1894). 

Neitzel, E., Z. Spiritusind. 17, 163 (1894); J. Soc. Chem. Ind. 13, 985 (1894). 

Neitzel, E., Z. Spiritusind. 20, 163 (1896); Dingler’s polytech. J. 297, 164; 
Z. anal. Chem. 36, 600 (1896); Chem. News 74, 293 (1896). Method pat- 
ented! 

Wacker, L., Ber. 42, 2675 (1909); C. A. 3, 2575 (1909); cf. C. A. 2, 175 (1908). 
Colorimetric method for the determination of mol. wt. of carbohydrates. 
(Distinction of primary from secondary and tertiary alcohols.) 

Dehn, W. M., and Hartman, F. A., J. Am. Chem. Soc. 36, 403 (1914). Use 
picric acid. 

Bernhard, A., Diss. Brooklyn Polytech. Inst., June, 1915; Sugar 17, No. 11, 
41 (1915); C. A. 10, 1230 (1916). A simple colorimetric method for the 
determination of free reducing sugar and total carbohydrates in miscella- 
neous food materials. Uses the color reaction produced by heating dextrose 
in alkaline solution with picric acid. Picramic acid formed. 

Dische, Z, and Popper, H., Klin. Wochschr, 6, 1973 (1926); C. A. 21, 431 
(1927). Colorimetric micromethod for estimating the total carbohydrate 
content of organs and body fluids. 

Dische, Z. and Popper, H., Biochem. Z. 176, 371 (1926); C. A. 21, 932 (1927); 
cf. C. A. 21, 431. A new colorimetric microchemical determination of carbo- 
hydrates in organs and body fluids. 

Carbon. 

Eggertz, Jern Kontorets Annaler, 1862, p. 54. Colorimetric estimation of 
carbon in iron. 

Eggertz, Chem. News 7, 254 (1863). Methods of estimating carbon in iron 
and steel. Reports several methods, including a colorimetric one based on the 
yellow to brown colored solution obtained by dissolving the sample in HNOj. 
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Eggertz, Chcm. News 20, 65 (1869); Dingler’s polytech. J. 194, 116. Proccsr. 

for determining the carbon chemically combined with iron. 

Dingler, Jahrb. der Kaiserlich-Koniglichen Geologischen Reichsanstalt No, 
4, 1869; Chem. News 21, 131 (1870). Colorimetric carbon-test of Eggcrt;:. 

Britton, J. B., Chem. News 22, 101 (1870); J. Franklin Inst. 89, 356 (1870), 
The determination of combined carbon in iron and steel by the colorimetric 
process. Describes a colorimeter consisting of 16 tubes arranged in a portable 
wooden frame, (lives a diagram of the apparatus. Modifies Eggcriz’ 
method. 

Britton, J. B., Chem. News 26, 139 (1872); see also 22, 101 (1870). Deter- 
mination of combined carbon in steel by the colorimetric method. Describes 
a colorimeter consisting of 16 tubes arrangcrl in a portable wooden frame. 
Modifies Eggertz’ method. 

Eggertz, Jern Konlorets Annaler, 1874, p. 176. Colorimetric method for car- 
bon in iron. Made some additions to his original procedure and believed (' 
could be estimated to about 0.1 per cent. 

Taylor, K. R., Chem. News 29, 148 (1874). Improvements ui>on Eggertz’ 
method for determining combined carbon in steel. 

Kern, S., Chem. News 36, 17 (1877). On the calculation of the percentage of 
carbon in steel by Eggertz’ method. Gives a simple and obvious method of 
calculation. Nothing novel. 

Galbraith, W., (.’hem. News 36, 43 (1877). (’arbon in steel by Eggertz’ 
method. Note saying Kern {ibid. p. 17) simply shows how to make a calcu- 
lation. No improvement and nothing new or novel. 

Leeds, A. R., Chem. News 37, 230 (1878). Estimation of combined carbon in 
iron and steel with the color-comparator. 

Dupre, A. and Wilson, IL, Proc. Chem. Soc. Jan. 16, 1789; Chem. News 39, 
39 (1879). The estimation of minute quantities of carbon in water. Method 
consists in burning the carbon to CO 2 , absorbing the latter in a 2 per cent solu- 
tion of basic PbAc 2 , and matching the turbidity against a standard suspension 
similarly prepared. Authors call the method a “nephelometric” method. 

Kern, S., Chem. News 40, 225 (1879), On the estimation of carbon in cast- 
steels. Compares combustion and Eggertz’ methods and points out that the 
results may differ very much. 

Westmoreland, J. W., Chem, News 41, 152, 250 (1880). Says the color 
method for carbon in steel is satisfactory, if carefully carried out. Refutes 
Kern, ibid. 40, 225. 

Parker, J. S., Chem. News 42, 88 (1880). On the varying condition of carbon 
in steel, and its influence on Eggertz’ coloration process. Says method is 
liable to great variations. 

Eggertz, Chem. News 44, 173 (1881); J. Chem. Soc. 42, 98 (1882); cf. Z. anal. 
Chem. 2, 434 (1863) and 10, 245 (1871). Colorimetric estimation of carbon 
in iron. Suggests improvements on his original method. Studies the influ- 
ence on the color of the solution due to the presence of the following substances 
in iron: Mn, P, S, Cu, Si, W, Cr, V, Ni, and Co. 

Stead, J. E., Chem. News 47, 285 (1883); J. Chem. Soc. 44, 1032 (1883). New 
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method for the estimation of minute quantities of carbon in iron or steel» 
and a new form of chromometer. HNO3 solution of iron treated with soda. 
Fe is precipitated but color due to C remains. 

Eggertz, Berg. u. Hutt. Z. 42, 435 (1883); J. Soc. Chem. Ind. 3, 178 (1884). 
Estimation of carbon in iron and steel. 

Stead, M., Berg. u. Hiitt. Z. 42, 451; Chem. News 61, 36 (1885); Z. anal. 
Chem. 23, 573 (1884). Colorimetric determination of carbon in iron and steel. 
Dissolves sample in HNOs and matches against a standard. 

Ridsdale, C. IL, J. Soc. Chem. Ind. 6, 585 (1886); sec also J. Anal. Chem. 1, 221 
(1887). New apparatus described and Stead’s alkali method for low carbon 
steels and iron given. 

Robinson, T. W., Trans. Am. Inst. Mining Eng. July, 1887; .see also J. Anal. 
Chem. 1, 420 (1887). Inorganic standards for the colorimetric carbon test. 
Uses chlorides of Co, Cu, and Fe. 

Sharpless, F. F., J. Anal. ('hem. 2, 54 (1888). Uses solutions of CoCU, CuCb, 
and Fed,, as color standards for carbon determination. 

Hogg, T. W., Chem. News 68, 175 (1888). On the inlluence of sulfur upon 
Eggertz’ carbon color test. 

Ridsdale, C. II., J. Soc. Chem. Ind. 7, 70 (1888); see also J. Anal. Chem. 3, 176 
(1889). A simplified chromometer for comparison of moderately deep tints. 
The apparatus is especially adapted for the estimation of carbon in steel. 
Phillips, H. ]., Chem. News 69, 259 (1894). Eggertz color test (carbon). 
Finds the use of a translucent gelatin paper of a greenish yellow tint between 
the carbon tubes and an ordinary gas llame eliminates the green color often 
observed with mild steels, and much smaller amounts of carbon can be esti- 
mated. 

Hintz, E. and Weber, 11., Z. anal. Chem. 33, 725 (1894). Chem. News 72, 
85 (1895). A conspectus of the most general methods for determining carbon 
in iron. Colorimetric method given in Z. anal. Chem. 33, 740 (1894). 
Lederur, H., Bull. soc. encour. ind. nat. 10, No. 3; (.'hem. News 71, 318 (1895). 
Study on the values of the most usual methods for the determination of carbon 
in iron. 

Hogg, T. W., J. Soc. Chem. Ind. 14, 1022 (1895). C and Cr in steel. Eggertz 
method for C. 

Auchy, G., j. Am. Chem. Soc. 26, 999 (1903). The color test in high carbon 
steels. 

Tucker, J. Iron Steel Inst., London, 96, 1, 137; from Auchy, J. Am. Chem. Soc. 
26, 999 (1903). Flggertz’ method for carbon in steel. Says “ its inaccuracy is 
well recognized.” 

Hadfield, j. Iron Steel Inst., London, 96, 2, 187; from Auchy, J. Am. Chem. 
Soc. 26, 999 (1903). Eggertz’ method for carbon in steel. Says “it had long 
been a matter of knowledge in the Sheffield steel trade, that the color test was 
apt to give misleading results.” * 

Galbraith, J. Iron Steel Inst., London 181, 234; from Auchy, J. Am. Chem. 
Soc. 26, 999 (1903). Eggertz’ method for carbon in steels. Says method 
“should be abandoned.” 
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Boynton, H. C. and H. K., Stahl u. Eisen 1940, 1070; Chem.-Ztg. Rep. 23, 283 
(1904); Analyst 30, 28 (1905). The colorimetric determination of carbon 
in steel. Uses Eggertz’ method. 

Schumacher, H., Stahl u. Eisen 25, 163; Z. anal. Chem. 44, 212 (1905). A 
colorimeter for determining carbon by Eggertz’ method. 

White, C. H., Bull. Am. Inst. Mining Eng. 1906, 743; J. Soc. Chem. Ind. 26, 
1007 (1906). Colorimetric determination of carbon in steel. 

Paravicini, Stahl u. Eisen 29, 1233 (1909); Z. anal. Chem. 49, 767 (1910). A 
colorimeter for the determination of carbon in steel and iron. 

Maurer, E., Stahl u. Eisen 29, 1234; Z. anal Chem. 49, 767 (1910). On the 
colorimetric determination of carbon. 

Arnold, J. 0. and Read, A. A., Metallurgic 7, 554 (1910); J. Iron Steel Inst., 
London, 1910. Determination of carbon in manganese containing steel 

Kohout, j. F., j. Ind. Eng. Chem. 4, 378 (1912); C. A. 6, 2219 (1912). Color- 
imetric method for the determination of carbon in iron and steel Sample 
dissolved in HNO3 and color compared with standards. 

Wood, E. E., J. Ind. Eng. Chem. 4, 547 (1912); C. A. 6, 2727 (1912). Color- 
imetric method for the determination of carbon in iron and steel Claims 
Kohout’s method of dilution [J. Ind. Eng. Chem. 4, 378 (1912)] is not new. 
It is the Eggertz process. 

Hellman, C. G., j. Ind. Eng. Chem. 4, 548 (1912). Colorimetric method for 
the determination of carbon in iron and steel A note of protest against 
Kohout’s claim [J. Ind. Eng. Chem, 4, 378 (1912)] of modifying the Eggertz 
process for carbon. 

Le Chatelier, II. andBoGiTCH, F., Compt. rend. 162, 709, 731 (1916); C. A. 
10, 2181 (1916). The determination of carbon by the Eggertz method. 
Uses HNO3 first cold, then heats and finally cools rapidly. 

Le Chatelier, H. and Bogitcii, F., Ann. chim. anal. 22, 193, 225 (1917). Car- 
bon in steel and iron. Use Eggertz’ method. 

Beneker, j. C., Chem. Analyst 22, 3 (1917); C. A. 12, 059 (1918). Determina- 
tion of carbon in steel by the colorimetric method. HNO3-H3PO4 method. 

Whiteley, j. H., Stahl u. Eisen 38, 619 (1918); Z. anal Chem. 69, 246 (1920). 
On the determination of carbon in steel according to Eggertz’ method. 

Snell, F. D., Colorimetric Analysis, p. 55, D. Van Nostrand Co., New York, 
1921. Carbon in steel 

CoNGDON, L. Brown, F. J. and Friedel, R. K., Chem. News 129, 253 (1924). 
Critical studies on methods of analysis. XIII. Carbon. Makes an experi- 
mental comparison of the colorimetric method (brown color produced by 
HNO3) for C in iron and steel with the other methods. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., p. 128, D. Van 
Nostrand Co., New York, 1926. 

Carbon Dioxide. 

Higgins, H. L. and Marriott, W. McK., J. Am. Chem. Soc. 89, 68 (1917); 
J. Chem. Soc. 112, ii, 270 (1917); J. Soc. Chem. Ind. 36, 232 (1917). A color- 
imetric method for the estimation of the percentage of carbon dioxide in the 
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air. Use 0.001 N NaHCOj containing 0.01 per cent phenolsulphonephthalein. 
Accuracy 5 per cent. 

McClean, a. P. D. and Denison, R. B., S. African J. Sci. 23, 253 (1026); 
C. A. 21 , 2235 (1927). Accurate colorimetric method for the estimation of 
very small quantities of carbon dioxide. 

Carbon Monoxide. 

Van Slyke, D. P. and Salvesen, H. A., J. Biol. Chem. 40, 103 (1920). The 
determination of carbon monoxide in blood. Haldane, J. Physiol. 18, 430 
(1895), uses carmine solutions. 

Camosine. 

FOkth, O. von and IIryntschak, T., Biochcm. Z. 64, 177 (1914). Use the 
diazo-reaction and also the Cu method. 

Clieeokd (Miss) W. M., Biochem. J. 16, 400 (1921); J. Chem. Soc. 120, ii, 604 
(1921); Analyst 46, 507 (1921). Uses Na^COa and p-diazobcnzcne-sulphonic 
acid. 

Hunter, G., Biochem. J. 16, 690 (1921). Colorimetric estimation of camosine. 

Carotin. 

ScHERTZ, F. M., J. Agr. Research 26, 383 (1923); Chem. Zentr. 138 (1925). 
Determination of carotin with spectrophotometer and colorimeter. 

Cerium. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 cd., p. 138, D. Van 
Nostrand Co., New York, 1926. Colorimetric estimation of ceria in thoria, 
thorium nitrate, etc. [Benz, Z. angew. Chem. 16, 300 (1902)]. 

Chlorate. 

Lindo, D., Chem. News 68 , 1. 15, 28 (1888). Phenol and some allied bodies as 
tests with concentrated sulphuric acid for nitrites, nitrates, and chlorates in 
aqueous solution. 

Alvarez, K. P., Compt. rend. 124, No. 6 ; Gazz. chim. ilal. 128 (1897); Chem. 
News. 79 (1899). Suggests resorcin and /i-naphthol as reagents for NO., NOs, 
and CIO 3 . 

Alvarez, E. P., Bull. soc. chim. 33, 717 (1905); Analyst 30, 285 (1905). Ob- 
servations on the use of diphcnylaniine as a reagent for nitrites, nitrates, and 
chlorates. 

Alvarez, h'. P., Chem. News 91, 155 (1905). Observations on diphenylamine 
as reagent for nitriles, nitrates, chlorates, and its use when mixed with resorcin 
and i3-naphlhol. Use diphenylamine and resorcin for NO 2 and NOj and 
diphenylamine and /^naphthol for ClOj. 

Virgili, j. F., Ann. chim. anal. chim. appl. 14, 85 (1909); C. A. 3, 1737 (1909); 
Chem.-Ztg. 32, 1254 (1908). Uses aniline chloride in HCl. Violet changing 
to blue obtained with CIO5 and certain other oxidizing agents. 

Chlorine. 

Roth, C., Correspondenz-Blatt des Vereines Anal. Chem. No. 15 (1880); Chem. 
News 42, 283 (1880). Colorimetric determination of chlorine in potassium 
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bromide. 1 g. KBr + 1 g. KaCraO; are mixed in powder form, placed in 
a 100 cc. flask, covered with 5 cc. concentrated HaSO^, an adapter coniiecicd 
and the mixture heated gently to about 128°. The distillate is collected 
in a receiver containing 100 cc. of water to which has been added 5 or 6 
drops of NHiOH. When all the chlorine has been expelled, the distillate 
is compared against (NH 4 ) 2 CT 04 solutions of known strength. 

Roth, C., Die Chemische Ind. No. 7, July, 1880; Chem. News 43, 60 (1881); 
Z. anal. Chem. 20, 418 (1881). Colorimetric determination of chlorine in 
potassium bromide. This is the same method reported in Chem. News 42, 
283 (1880). 

Hager, H., Chem. Zentr. 16, 588; J. Soc. Chem. Ind. 4, 613 (1885). Diphenyl- 
amine, a valuable reagent for detecting free chlorine. 

Phelps, E. B., Bull. No. 1 , Ohio State Board of Health, Jan. 1913. Uses orlho- 
tolidine dissolved in dilute HAc as a delicate color test for free chlorine in 
water. 

Ellms, J. W. and Hauser, S. J., J. Ind. Eng. Chem. 6, 915, 1030 (1913); C. A. 
8, 880 (1914); Analyst 39, 454 (1914); J. Soc. Chem. Ind. 32, 1125 (1913). 
(?-Tolidinc as a reagent for the colorimetric estimation of small quantities of 
free chlorine. Use e-tolidinc in HCl solution. This is the best method 
available for the estimation of quantities of chlorine of the order of 1 part 
per million or less. Less than 0.01 p.p.m. can be detected. 

Ellms, J. W. and Hauser, S. J., J. Ind. Eng. Chem. 6 , 553 (1914). The elTcct 
of ferric salts and nitrites on the ortho-tolidine and starch-iodide tests for 
free chlorine. 

LeRoy, G. a., Compt. rend. 166, 226 (1916); Ann. chim. anal. 21, 240; cf. 
C. A. 10, 1564 (1916); C. A. 11, 507 (1917). Uses hcxamcthyl-tri-p-amino- 
triphenyl-methane in HCl solution. This added to water containing as little 
as 0.03 part Cl per million produces a violet color immediately. Nitrites 
interfere to a less extent than when the starch-oidide test is used. 

Snell, F. D., Colorimetric Analysis, p. 105, D. Van Nostrand Co., New York, 
1921. Determination of chlorine by o-tolidine. 

Stick, Pharm. Ztg. 66, 1009 (1920); C. A. 16, 1473 (1921). Opalescence in the 
estimation of minute quantities of chlorides. 

Isaacs, M. L., J. Biol. Chem. 63, 17 (1922); C. A. 16, 3494 (1922). Colorim- 
etric estimation of blood chlorides. Method depends on the conversbn of 
Ag 2 Cr 04 into Na 2 (T 04 by the action of the blood chlorides. 

Dupray, M., j. Biol. Chem. 68, 675 (1923-24); C. A. 18, 1840 (1924). Uses 
a modification of Isaacs’ method, and makes it more sensitive by adding KI 
and H 2 SO 4 and estimating the iodine set free. 

Standard Methods for the Examination of Water and Sewage, 6 ed., p. 44, 
American Public Health Association, New York, 1926. Uses o-tolidine. 
Roake, C. E., Ind. Eng. Chem. 17, 257 (1925). Preparation of e-tolidine solu- 
tion for the determination of chlorine in chlorinated water. o-Tolidine first 
treated with HCl. Solution is then easier. 

Yosuimatsu, S., T 6 hoku J. Exptl. Med. 7, 553 (1926); C. A. 20 , 3711 (1926). 
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Colorimetric method for the determination of chlorides, inorganic sulfates 
and inorganic phosphates in small amounts of blood. 

Porter, L. E., Ind. Eng. Chem. 18, 730 (1926); C. A. 20, 2800 (1926). Free 
chlorine in air. A colorimetric method for its estimation. Uses o-tolidine 
in HCl solution. 

Chloroform. 

Seyda, Z. bflentl. Chem. 3, 333 (1897). 

Cole, W. H., j . Hiol. Chem. 71, 173 (1926); C. A. 21, 431 (1927). The pyridine 
test as a Quantitative method for the estimation of minute amounts of chloro- 
form. 

Cholesterol. 

Grigaut, a., Compt. rend. soc. biol. 68, 791, 827 (1910). Colorimetric deter- 
mination of cholesterol in blood. 

Grigaut, A., Compt. rend. soc. biol. 71, 513 (1911). Cholesterol in blood 
serum and in tissues. 

Weston, P. G., J. Med. Research 23, 47 (1912); C. A. 6, 1623 (1912). Uses 
the Salkowski’s color reaction as a test for cholesterol. The method will detect 
differences between 0.00005 or 0.000025 gram and is “recommended es- 
pecially for the estimation of choestcrol in blood, lymph, . . . .” 

Mauriac, P. and Defaye, Compt. rend. soc. biol. 73, 143 (1912); C. A. 8, 1133 
(1914). Clinical colorimetric methods for determining cholesterol. 

Weston, P. G. and Kent (Miss) G. H., J. Med. Research, 26, 531; C. A. 6, 
2764 (1912). Determination of the cholesterol content of human serum by 
the colorimetric method. Use the Solkowski color reaction. 

CoRPER, H. J., J. Biol. Chem. 12, 197 (1912). A modification of Ritter’s 
method for the quantitative estimation of cholesterol. Compares colori- 
metric and gravimetric methods. 

Grigaut, A., Monograph: “Le cycle de la cholesterinemie,’’ Steinheil, Paris, 

1913. 

Autenrieth, W. and Funk, A., Miinch. med. Wochschr. 60, 1243 (1913). The 
colorimetric determination of total cholesterol in blood and organs. A slight 
modification of the Grigaut technique. 

Henes, PL, Jr., Proc. N. Y. Path. Soc. 13, 155 (1913). Uses the extraction 
method of Weston and Kent and the colorimetric method of Grigaut (Compt. 
rend. soc. biol. 68, 827 (1910). 

Rosenbloom, j., j. Biol. Chem. 14, 241 (1913). A quantitative chemical 
analysis of human bile. Uses Windaus’ method (ref. not given by R.) for 
cholesterol and cholesterol esters. 

Lifschutz, I., Biochem. Z. 64, 217 (1913). 

Lehman, E. P., J. Biol. Chem. 16, 495 (1913-14). On the rate of absorption 
of cholesterol from the digestive ’tract of rabbits. Uses Autenrieth-Funk 
colorimetric method of cholesterol estimation, etc. 

Grigaut, A., J. pharm. chim. 9, 146 (1914); J. Soc. Chem. Ind. 33, 276 (1914). 

Schreiber, E., Miinch. med. Wochschr. 60, 2001; C. A. 8, 1972 (1914). The 
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quantitative determination of cholesterol and oxycholestcrol by the Aulon. 
rieth and Funk method. j 

Bloor, W. R., J. Biol. Chem. 24, 227 (1916). The determination of cholesterol I 
in blood. | 

CsONKA, F. A., J. Biol. Chem. 24, 4.31 (1916). A critique of certain data on I 
the content of cholesterol and fatty substances in the blood, together with a ' 
moditication of the colorimetric method for estimating cholesterol. 

Mukller, j . H., j. Biol. Chem. 26, 549 (1916). A comparison of the results ' 
obtained by the colorimetric and gravimetric determinations of cholesterol. 
Bloor, W. R. and Knudson, A., J. Biol, Chem. 27, 107 (1916). The separate 
determination of cholesterol and cholesterol esters in small amounts of blooil. 
Chloroform extracts, acetic anhydride and H^SO^. Total cholesterol by 
Bloor’s method. 

Luden, G., j. Biol. Chem. 27, 273 (1916). Observations on the changes in the 
cholesterol content of the blood of goats, following cholesterol feeding alone, 
Roentgen treatment alone, and cholesterol feeding combined with Roentgen 
treatment and subsequent castration. Uses Autenrieth-Hcllige colorimeter. 
Weston, P. G., J. Biol. Chem. 28, 383 (1916-17). Colorimetric methods for de- 
termining serum cholesterol. Extraction methods and colorimetric methods 
are compared. 

Kast, L.. Myers, V.C. and WAKDELL(Miss)E., Proc. Soc. Exptl. Biol. Med. 16, 

1 (1917); cf. C. A. 11, .3322 (1917); C. A. 12, 811 (1918). The estimation of 
cholesterol in blood. 

Denis, W., J. Biol. Chem. 29, 93 (1917). Cholesterol in human blood under 
pathological conditions. Bloor’s moditication of Autenrieth-Funk colori- 
metric method. 

Bloor, W. R., J. Biol. (’hem. 29, 437 (1917). The determination of cholesterol 
in blood. Finds Duboscq colorimeter more accurate tlian the Autenricth- 
Konigsberger instrument. 

Luden, G., J. Biol. Chem. 29, 463 (1917). The influence of bile derivatives 
in Bloor’s cholesterol determination. 

Warner, D. E. and Edmond, II. D., J. Biol. (’hem. 31, 281 (1917). Blood fat 
in domestic fowls in relation to egg production. Cholesterol determination 
with Duboscq colorimeter. 

Luden, G., J. Lab. Clin. Med. 3, 93 (1917-18). Influence of bile derivatives in 
in Bloor’s cholesterol determination. 

McCrudden, F. H, and Sargent, C. S., J. Biol. Chem. 33, 387 (1918). Com- 
parison of the glucose and cholesterol content of the blood. Glucose by 
Lewis and Benedict method. Cholesterol by Autenrieth and Funk method. 
Bernhard, A., J. Biol. Chem. 36, 15 (1918). The determination of cholesterol 
in blood serum. Revised method of Henes. 

Myers, V. C. and Wardell, (Miss) E. L., J. Biol. Chem. 36, 147 (1918). The 
colorimetric estimation of cholesterol in blood with a note on the estimation 
of coprosterol in feces. 

Luden, G., J. Lab. Clin. Med. 4, 727 (1918-19). 

Myers, V. C., J. Lab. Clin. Med. 6, 780 (1919-20). 
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Fex, J., Biochem. Z. 104, 109 (1920). 

Gamble, J. L. and Blackfan, K. D., J. Biol. Chem. 42, 401 (1920). Evidence 
indicating a synthesis of cholesterol by infants. Kumagawa and Sutos 
method, Biochem. Z. 8, 315 (1908). 

Kipp, H. A., J. Biol. Chem. 44, 215 (1920). Variation in the cholesterol content 
of the serum in pneumonia. 

Knudson, a., j. Biol. Chem. 46, 255 (1920-21). Relationship between chol- 
esterol and cholesterol esters in the blood during their absorption. Choles- 
terol by Bloor’s method. 

Gardner, J. A. and Williams, M., Biochem. J. 16, 366 (1921); C. A. 16, 1260 
(1922). Make a comparison of the gravimetric and colorimetric methods. The 
colorimetric methods satisfactory with scrum or blood, less trustworthy with 
other tissue extracts. 

Gardner, J. A. and Fox, F. W., Biochem. J. 16, 376 (1921); Analyst 46, 508 
(1921). Source of error in the colorimetric methods for the estimation of 
cholesterol in tissue fats. Alcoholic KOII on being extracted with ether 
may yield some resinous matter which when dissolved in chloroform gives 
a coloration with acetic anhydride and sulphuric acid. The coloration is 
sufllcient to introduce an error in the estimation of cholesterol. 

Bloor, W. R., Pelkan, K. F. and Allen, D. M., J. Biol. Chem. 62, 191 (1922). 
Determination of fatty acids and cholesterol in small amounts of blood 
plasma. Cholesterol separated and determined colorimctrically and the 
fatty acids determined nephelometrically. 

Krastelewsky, Sophie, Biochem. Z. 143, 403 (1923). Uses Salkowski’s reac- 
tion (chloroform added to the dried powder and in 20 min. H2SO4 added). 

McClure, C. W. and Mortimer, E., Boston Med. Surg. J. 188, 633 (1923); 
Chem. Zentr. 1924, i, 693; J. Chem. Soc. 126, ii, 432 (1924). Determination 
of cholesterol in bile. Use acetic anhydride and strong IF-SOi. 

Hubbard, R. S., J. Biol. Chem. 66, 357 (1923). Bloor’s method for cholesterol. 

Baumann, E. J. and Holly, 0. M., J. Biol. Chem. 66, 457 (1923). Myers- 
Wardell method for cholesterol. 

Leiboff, S. L., j. Biol. Chem. 61, 177 (1924). A simplified method for cho- 
lesterol determination in blood. Extracts with choloform and adds acetic 
anhydride and concentrated H.SOi. 

Leiboff, S. L., J. Lab. Clin. Med. 10, 857 (1924-25). An improved apparatus 
for determination of cholesterol. 

Sackett, G, E., j. Biol. Chem. 64, 203 (1925). Modification of Bloor’s method 
for the determination of cholesterol in whole blood or blood serum. 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 cd., 
P. Blakiston’s Son and Co., Philadelphia, 1926. Determination of cholesterol 
in blood, pp. 391-394. 

Steinle, j. V. and Kahlenberg, L., J. Biol. Chem. 67, 425 (1926). 

DeToni, G. M., j. Biol. Chem. 70, 2b7 (1926). 

Chromate. 

Dehn, W. M., j. Am. Chem. Soc. 36, 829 (1914). Colorimetric studies on the 
nature of chromate solutions. 
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Chromium. 

Hogg, T. W., J. Soc. Chem. Ind. 10 , 340 (1891). On the determination of 
chromium in steel. Forms Cr2(S04)8 and matches the color against a standard 
solution. 

Hogg, T. W., J. Soc. Chem. Ind. 14 , 1022 (1895). Uses Eggertz’ method for 
C and his method for Cr described in J. Soc. Chem. Ind. 10, 340 (1891). 

Hillebrand, W. F., j. Am. Chem. Soc. 20, 454 (1898). The colorimetric esti- 
mation of small amounts of chromium with special reference to the analysis 
of rocks and ores. Cr transformed into Na 2 Cr 04 , solution made slightly 
alkaline with Na 2 C 03 and diluted to a definite volume. Compared with a 
standard solution. 

Cazeneuve, M., Bull. soc. chim. 29 , 758; Chem. News. 89 , 268 (1904). 
Describes the color reaction produced when diphenylcarbazide is added to 
chromic acid or a chromate. A very intense purple- violet color is thus pro- 
duced. Reaction very sensitive. 

Moulin, A., Bull. soc. chim. 31 , 295 (1904); Chem. News 89 , 268 (1904); 
J. Chem. Soc. 86 , ii, 368 (1904); J. Soc. Chem. Ind. 23 , 457 (1904). The 
author has applied the color (purple) reaction between diphenylcarbazide 
and chromic acid observed by Cazeneuve to the determination of Cr. Solu- 
tion prepared by dissolving 2 g. of the substance in 100 cc. (90°), to which 
10 cc. of HAc have been added, and diluting to 100 cc. with alcohol. Standard 
Cr solution contains 0.05 mg. of the acid per cubic centimeter. The Cr com- 
pound is first converted into K 2 ("r 04 by H 2 O 2 in presence of KOH and the 
solution finally neutralized with HAc. Precautions: (1) Use excess of 
diphenylcarbazide solution. (2) Chromate (sample) must be approximately 
the same strength as the standard chromic acid solution. 

Horn, D. W., Am. Chem. J. 36 , 253 (1906). Variable sensitiveness in the col- 
orimetry of chromium. H. points out that the sensitiveness is a variable 
and that the maximum sensitiveness must be determined for each colori- 
metric method. 

Koenig, P., Landw. Jahrb. Schweiz. 39 , 775 (1910); J. Chem. Soc. 100 , ii, 524 
(1911); Chem. Zentr. 1 , 498 (1911); J. Soc. Chem. Ind. 30 , 297 (1911). 
Uses disodium 1 : 8-dihydroxynaphthalcnc-3 : 6-disulphonate for determin- 
ing minute quantities of Cr in plant ash, 

Meyerfeld, j., Chem.-Ztg. 34 , 948; C. A. 4 , 3178 (1910). Pyrogallol dimetin l 
ether, a sensitive reagent for chromic acid, ferric salts and nitrous acid. 
0.008 mg. KNO 2 in 5 cc. gives a yellow coloration with a water solution of 
pyrogallol dimethyl ether (1 : 50). Very dilute solutions of Cl or Bi give 
yellow colorations. The solution of the reagent must be freshly prepared as 
on standing it becomes yellow. 

Koenig, P., Chem.-Ztg. 36 , 277 (1911); J. Chem. Soc. 100 , ii, 337 (1911). 
Uses a water solution of di-Na 1 : 8-dihydroxynaphthalene-3 : 6-disulphonate. 
Yields a red or violet coloration with chromic acid, chromates, or dichro- 
mates. Will detect 0.0008 mg. Cr. Can be used in presence of Fe by adding 
HjP 04 to destroy the green color due to Fe. 

Garratt, F., j. Ind. Eng. Chem. 6, 298 (1913); C. A. 7, 2029 (1913); J. Soc. 
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Chem. Ind. S2, 490 (1913); Z. anal. Chem. 63, 351 (1923). A colorimetric 
method for the determination of chromium in steel. Method based upon 
a pink to cherry-red color with CrOj and disodium 1: 8-dihydroxynaphtha- 
lene-3: 6-disulfonate (Koenig’s reagent, cf. C. A. 6, 2046) in solutions acid 
with H2SO4 and H3PO4. 0.001 per cent Cr can readily be detected. Method 
recommended for materials containing less than 0.6 per cent Cr. 

Dittrich, M., Z. anorg. Chem. 80, 171 (1913); J. Chem. Soc. 104, ii, 344 (1913); 
J. Soc. Chem. Ind. 32, 383 (1913). The estimation of small quantities of 
manganese and chromium in minerals and rocks. Uses NH, persulfate and 
silver for Mn and chromate method for Cr, after removal of Ag with NaCl. 

Van Eck, P. N., Chem. Weekblad 12, 6 (1915); C. A. 9, 769 (1915). Sensitive 
reactions of chromates. Five reactions are given. Some may be used to 
estimate the quantity of Cr. Disodium 1: 8-dihy(lroxynaphthalcnc-3 : 
6-(lisulfonate is the most sensitive; a deep red color is obtained with 0.0008 
mg. of Cr. 

Appelhaum, a. I, Chem. Analyst 27, 7 (1918); C. A. 12, 1952 (1918). Oxi- 
dizes with NaOH and NajOj and adds H,P04, H2SO4 and disodium 1: 8-di- 
hydroxynaphthalene-3 : 6-disulfonatc. 

IIackl, 0., Chem.-Ztg. 44, 63 (1920); C. A. 14, 1946 (1920). Detection and 
estitnation of very small quantities of chromium in minerals and ores con- 
tain! ig .silicates and carbonates. 

Snell, F. D., Colorimetric Analysis, p. 70, D. Van Noslrand Co., New York, 
1921. Determination of chromium as the chromate. 

Snell, F. D., Colorimetric Analysis, p. 71, D. Van Nostrand Co., New York, 
1921. Determination of chromium by disodium 1.8 dihydroxy naphthalene 
3.6 disulfonate. 

Evans, 13. S., Analyst 46, 38 (1921); C. A. 16, 1264 (1921); Chem. News 121, 
297 (1920); J. Soc. Chem. Ind. 40, I8IA (1921). Cr oxidized by KMnO« 
to chromate solution, made acid, and the bichromate compared with standard 
KjCr207 solution. 

Evans, B. S., Analyst 46, 285 (1921); C. A. 16, 3047 (1921); cf. C. A. 16, 1264; 
J. Soc. Chem. Ind. 40, 627A (1921). The estimation of small amounts of 
chromium in steel, ('hromic acid and diphenylsemicarbazide [cf. Cazeneuve, 
Analyst 26, 331 (1900)] give an intense purple color similar to that of perman- 
ganate. Reagent: 1 g. of diphenylsemicarbazide in 10 cc. AcOH and diluted 
to 1000 cc. with water. Procedure: 5 cc. of the reagent and 10 cc. of 25 per 
cent H2SO4 (by vol.) arc added to the solution to be tested. Solutions con- 
taining 4 g. of dissolved electrolytic iron gave the same colors as similar solu- 
tions containing no iron. Cr content varied between 0.004 and 0.0017 per 
cent. Accurate to 0.0001 per cent. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., pp. 162 and 163, 
D. Van Nostrand Co., New York, 1926. Uses the dichromate (Cr oxidized 
by (NH4)2S208, NH4NO3, and AgNDs) and diphenyl carbazide methods. 

Snoddy, a. 0., J. Oil & Fat Ind. 2, 20 (1925); C. A. 20, 118 (1926). The 
detection and estimation of small amounts of chromium in fats. Uses.di- 
phenylcarbazide. 
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Citral. 

Chace, E. M., J. Am. Chem. Soc. 28, 1472 (1906); J. Soc. Chcm. Iml, 26, 
(1906). A method for the determination of citral in lemon oils mid extracts 
Uses Schiff’s reagent. 

Hiltner, R. S., j. Ind. Eng. Chcm. 1, 798 (1909). A method for the determina- 
tion of citral in lemon c.xtracts and lemon oils. Uses 1 per cent solution nf 
metaphenylenediamine hydrochloride in 50 per cent ethyl alcohol. Decolor- 
izes with fuller s earth or animal charcoal. 

Little, L. D., J. Am. I’harm. Assocn. 3, 553; C. A. 8, 1851 (1914). A colorimet- 
ric method for the determination of citral in extracts of lemon and in oil of 
lemon. Uses 0.200 g. diaminophenol-HCI (amidol) dissolved in 100 cc. of 
65 per cent (by vol.) alcohol. For a standard citral solution uses 0.001 g. 
of pure citral in I cc. of 50 per cent alcohol. Manipulation is similar to the 
Chace method except that it can be carried out at room temperature. 

Little, L. D., Am. Perfumer 9, 74 (1914); Z. anal. Chem. 56, 217 (1916). 

Parker, C. E. and Hiltner, R. S., J. Ind. Eng. Chem. 10, 608 (1918); cf. U. S. 
Dept. Agr. Bureau of Chemistry, Bull. 122, 34; 132, 102 ; 137, 70. An 
improved method for determining citral. A modification of the Hiltner 
method. Uses H 2 C 2 O 4 to inhibit the production of a blue or green coloration 
which sometimes appears in the w-phenylcnediamine hydrochloride method. 
The usual yellow color is obtained. 

Citric Acid. 

DENicis, G., Compt. rend. soc. biol. 64, 197 (1902). 

Cobalt. 

Lampadiu.s, W. a., j. prakt. Chcm. 13, 385 (1838); Z. anal. Chcm. 6 , 425 
(1866). Colorimetric determination of small amounts of cobalt in minerals, 
etc. An approximate method based upon the reddish-brown color produced 
when NH 4 OH is added to cobalt salt solutions. 

Wagner, R., J. prakt. Chem. 61, 129 (1854); Z. anal. Chem. 6 , 425 (1866). 

Winkler, C., J. prakt. Chem. 97, 414 (1866); Z. anal. Chem. 6 , 425 (1866). 

Knieder, Chem. Zentr. 1894, ii, 452; Rev. mincra, met. ing. 1893, 398. Col- 
orimetric assay of cobalt ores. Forms CoCb and compares with a series of 
standards. 

Challinor, R. W., j. Roy. Soc., New South Wales, 38, 406 (1905); J. Chem. 
Soc. 94, ii,' 988 (1908). Approximate colorimetric estimation of cobalt and 
nickel in the presence of each other. Ni and Co obtained jointly by elec. 
Then dissolve in HNO 3 (1 : 1 ), evaporate almost to dryness and dilute to a 
definite volume. Solution green = more than 76 per cent Ni, solution 
pink = more than 24 per cent Co. An aliquot part is used with standard 
Co or Ni solution. 

Mellor, j. W., Trans. Ceram. Soc. England 8, 132; C. A. 4, 1440 ( 1910 ). 
Colorimetric determination of cobalt in presence of nickel. Method based 
.upon the fact that ether or amyl alcohol take up Co with blue coloration, 
leaving Ni in water. 
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HtJTTNER, C., Z. anorg. Chem. 86, 341 (1914); J. Soc. Chcm. Ind. 33, 614 (1914); 
Z. anal. Chem. 64 , 471 (1915). Colorimetric determination of cobalt, nickel, 
iron, and copper. Matches HCl solutions of the chlorides. C. A. 8 , 2540 
(1914) gives a long abstract of the paper. 

Atack, F. W., J. Soc. Chem. Ind. 34 , 641 (1915); C. A. 9 , 2363 (1915). Uses 
a-nitroso-/3-naphthol. 

Powell, A. D., J. Soc. Chem. Ind. 36, 273 (1917); C. A. 11, 1801 (1917). Co 
extracted by amyl alcohol from its solution in NIUCNS. Blue solution 
obtained. NHiCNS solution must be at least 25 per cent. 

Jones, E. G., Analyst 43 , 317 (1918); C. A. 13 , 15 (1919); J. Soc. Chem. Ind. 
37, 630A (1918). Uses a-nitroso-^i-naphthol as employed by F. W. Atack, 
J. Soc. Chem. Ind. 34 , 641 (1915). 

Snell, F. D., Colorimetric Analysis, p. 76, D. Van Nostrand Co., New York, 
1921 . Determination of cobalt as the chloride in concentrated HCl. 

Snell, F. D., Colorimetric Analysis, p. 76, 1). Van Nostrand Co., New York, 
1921 . Determination of cobalt by «-nitroso-/Miaphthol. 

Braley, S. A. and Hobart, F. B., J. Am. Chem. Soc. 43 , 482 (1921); Chem. 
News 122 , 243 (1921); Analyst 46 , .300 (1921); J. Soc. Chem. Ind. 40 , 327A 
(1921). A new method for the detection and estimation of cobalt. Uses 
dimethylglyoxine, HAc and NaAc. Brown coloration which is not discharged 
by mineral acids. 

Hackl, 0., Chem.-Ztg. 46 , 385 (1922); C. A. 16 , 2280 (1922). Detection and 
determination of small quantities of nickel and cobalt in silicate rocks. Ni by 
dimethylglyoxime. Co by tt-nitroso-/i-naphthol or \ogels test with thiocy- 

AugeT V. and Odinot, L., Compt. rend. 178 , 710 (1924); C. A. 18 , 1798 (1924); 
J. Soc. Chem. Ind. 43, B3t8 (1924). Method is based upon the fact that 
solutions of Co salts in the presence of a large excess of HCl give a blue color 
which can be compared with standards and the Co thus determined. I he 
color varies with the concentration of the acid, becoming more intense with 
greater amounts of HCl. The acid must be free from iron. 

Nichols, M. L. and Cooper, S. R., J. Am. Chem. Soc. 47, 1268 (1925); C. A. 
19 , 1833 (1925). New qualitative tests for copper, iron, and cobalt. A satu- 
rated solution of dinitrosoresorcinol will detect as little as 0.004 mg. of Cu 
and somewhat less Fe and Co in 1 cc. of neutral solution. 

Deniges, G., Compt. rend. 180, 1748 (1925). A new spectroscopic and 
colorimetric method for the detection and immediate determination of cobalt. 
“If as little as 0.04 mg. of Co is present per cc. of soln., 0.1 cc. of the latter 
mixed with 5 cc. of coned. HCl gives a blue color and the soln. shows char- 
acteristic absorption bands when viewed with a direct-vision spectroscope. 
By photographing the spectrum or by comparing the depths of color it is 
possible to det. the Co content with little difficulty. Other ions giving 
colored chlorides interfere somewhat with the test. If a little SnCl* is added 
to the soln., the interference of Cu++ and Fe+++ is prevented. The reaction 
is useful for the detection of Co in Ni salts.” W. T. H., C. A. 19, 2615 (1925). 
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Evans, B. S., Analyst 60, 389 (1925). “The method is based upon the fact 
that a highly colored cobaltammine results when Co in ammoniacal sohi. is 
treated with an oxidizing agent. The interference of Ni is prevented l)y 
adding Na citrate and keeping the NHj conen. low. To det. Co in steel, 
dissolve 5 g. of metal in aqua regia. Nearly neutralize the resulting soln. 
with NHs and ppt. Fe by adding ZnO suspension. Make up to 500 cc., 
mix and filter. Take 150 cc. of filtrate, add 22.5 cc. of 7 N NH 4 OH, 7.5 cc. 
of 20 per cent NH 4 CI soln. and about 0,6 g. of NajOj. After the MnOi ppt. 
has settled, filter, add 5 g. of Na citrate and exam, the filtrate in the colorime- 
ter.” W. T. H., C. A. 19, 3073 (1925). 

Colchicine. 

Fabinyi, R., Oesterr. Chem. Ztg. 16, 61; C. A. 6 , 1340 (1912); J. Soc. Chem. 
Ind. 31, 298 (1912). Colorimetric determination of morphine and colchicine. 
The colchicine determination is based on the dark olive-green color resulting 
upon boiling the solution and adding FeCb. 

Fabinyi, R., Verb. Ges. dcut. Naturforsch. Aerzte, 1912, ii, 1 , 230; J. Chem. 
Soc. 102 , ii, 503 (1912). Colorimetric estimation of colchicine. Boils with 
a little HCl and adds 0.5 cc. of 1 per cent FeCb. Dark green coloration 
develops. One hour in darkness required for maximum intensity to develop. 

Colloids. 

Rohland, P., Z. anal. Chem. 62, 657 (1913); C. A. 7, 4030 (1913). A colorimet- 
ric method for the determination of colloidal material in sewage. 

Colcrimeiers. 

Herapath, T. j., j. prakt. Chem. 66 , 255 (1852); ibid. 60, 242 (1853); J. Chem. 
Soc. 6 , 27 (1853). 

MOller, a., j. prakt. Chem. 60, 474 (1853); ibid. 66 , 193 (1855); Z. anal. 
Chem. 6 , 423 (1866). 

Stammer, C., Dingler’s polytech. J. 169, 341 (1861); see also Z. anal. Chem. 3, 
227 (1864). Calls his instrument a “chromoscope.” 

Siemens and Halske, Z. anal. Chem. 3, 218 (1864). 

Dehms, F,, Dingler’s polytech. J. 173, 436 (1864); Z. anal. Chem. 3, 218, 494 
(1864). 

Miller, F. B.,. J. Chem. Soc. 18, 118 (1865). 

COLLARDEAU, Z. anal. Chem. 6, 423 (1866). 

Houtton and Labillardiere, Dinglcr’s poly tech. J. 27, 54; Z. anal. Chem. 6 , 
423 (1866). 

Morton, Chem. News 21, 31 (1870); Z. anal. Chem. 9, 473 (1870). Gives a 
description and illustrative cuts of Duboscq’s colorimeter. 

Britton, J. B., J. Franklin Inst. 89, 35^^ (1870), 

Rheineck, H., Dingler’s polytech. J. 201, 433 (1871); J. Chem. Soc. 24, 1223 
(1871). 

Salleron, Les Mondes, Nov. 30, 1871; Chem. News 24, 276 (1871); Dingler’s 
polytech. J. 203, 141 (1872); J. Chem. Soc. 26, 527 (1872). 
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Stammer, C., Dingler’s Polytech. J. 203, 137 (1872); J. Chem. Soc. 26, 527 
(1872). An improved form of S.’s chromoscopc. Set of colored glass stand- 
ards used. 

Harvey, S., Chem. News 27, 262 (1873). Describes a colorimeter consisting of 
two graduated tubes fastened in a rack with a swinging mirror below. 

Davis, G. E., Chem. News 27, 299 (1873). 

King, J. F., Chem. News 31, 133 (1875); J. Chem. Soc. 28, 1052 (1875). Proc- 
ess for the estimation of color in water. Uses glass tubes 15 inches long and 
of such diameter that when filled to within 3 inches of the top, they contain 
exactly 8 ounces of water. 

IIehner, 0., Chem. News 33, 185 (1876); J. Chem. Soc. 30, 326 (1876). Uses 
graduated cylinders, having glass taps fused into their sides so that the solu- 
tion may be run out of either till color matches. 

Mills, E. J., Proc. Chem. Soc. April 14, 1877; Chem. News 35, 161 (1877). 
Two tubes each fitted with a loosely fitting disk of white or black glass (as 
may be required) which can be moved up and down by means of a glass rod 
fitted (water-tight) at the bottom of the tube. 

Bottomley, j., Chem. News 38, 191 (1878). Similar to E. J. Mills’ apparatus. 
GCnsberg, R., Dingler’s polytcch. J. 228, 457 (1878). 

Leeds, A. R., Chem. News 37, 229 (1878); J. Chem. Soc. 34, 807 (1878). 

Wolff, C. H., Chem.-Ztg. No. 47, 1879; Chem. News 40, 277 (1879); Pharm. 
Ztg. 24, 587; Z. anal. Chem, 18, 337 (1879). A modified Duboscq instru- 
ment. 

PuscH, Arch. Pharm. 214, 227 (1879), 

Wolff, C. H., Corrcspondcnz-blatt des Vereines Anal. Chem. No. 2, Jan. 15, 
1880; referred to in Chem. News 41, 109 (1880). Sec original on account 
of the illustrations there given. 

Bayley, T., Chem. News 41, 170 (1880); Z. anal. Chem. 19, 470 (1880). Cop- 
per by means of the “reflection cuprimeter.” 

Crookes, W., Odling, W. and Tidy, C. M., Chem. News 43, 174 (1881). 

Describes a hollow wedge type colorimeter. 

Crookes, W., Odling, W, and Tidy, C. M., Chem, News 46, 170 (1882). 
Stead, J. E., Chem. News 47, 285 (1883); J. Chem. Soc. 44, 1032 (1883). 
Giannetti, G., Gazz. chim. ital. 16, 65 (1886); J. Chem. Soc. 60, 738 (1886). 
Describes a colorimeter. Images of standard and “unknown are projected 
on a mirror side by side. 

Ridsdale, C. H., j. Soc. Chem. Ind. 6, 585 (1886); see also J. Anal. Chem. 1, 
221 (1887). 

Lovibond, j. W., Eng. Pat. 12,867, Oct. 9, 1886; J. Soc. Chem. Ind. 6, 522 
(1887). Improvements in apparatus for standardizing and measuring inten- 
sity of color in transparent bodies. 

Stokes, A. W., Proc. Chem. Soc., Dec. 15, 1887; Chem. News 66, 275 (1887). 
Lovibond, T. W., J. Soc. Chem. Ind‘. 7 69 (1888). Exhibited J. W. Lovibond’s 
apparatus. 

Lovibond, J. W., J. Soc. Chem. Ind. 7, 424 (1888). A description of the tintom- 
eter, with some remarks on its application to chemical analysis. 
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Ridsdale, C. H., J. Soc. Chem. Ind. 7, 70 (1888); see also J. Anal. Chem. 3 , 
176 (1889). 

Fresenius, W., Z. anal. Chem. 28, 686 (1889). A brief mention of J. W. Lovi- 
bond’s tintometer and also M. Muller’s colorimeter for Nesslerizing wiiter 
and of a A. Jolle’s colorimeter. 

Lovibond, j. W., j. Soc. Chem. Ind. 9 , 10 (1890); J. Chem. Soc. 68, 1461 (1890). 
Gallenkamp, Chem.-Ztg. Rep. 16 , 324 (1891); J. Soc. Chem. Ind. 11 , 547 
(1892); Chem. News 68, 37 (1893); Z. anal. Chem. 32 , 206 (1893). 

Pellet, H. and Demichel, A., Bull, de I’assoc. beige dcs chimistes 6, 5.10; 
Z. anal. Chem. 31, 432 (1892). 

Kruss, IL, Z. anorg. Chem. 6, 325 (1894); J. Chem. Soc. 66, ii, 158 (1894); Z. 
anal. Chem. 34 , 60 (1895). 

PuLERiCH, C., Z. Instrumentcnk. 14 , 210; Z. anal. Chem. 34 , 446 (1895). 
Kruss, H., Z. Instrumentcnk. 14 , 283; Z. anal. Chem. 34 , 745 (1895). Com- 
pares K.’s colorimeter with the similar one described by Pulfrich (Z. Instru- 
mentenk. 14 , 210). 

Procter, H. R., J. Soc. Chem. Ind. 14 , 122 (1895). 

Whitson, A. R., Bull. No. 85, Wis. Agr. Expt. Sta. (1901). See also Bull. 
No. 93. 

Schreiner, 0., J. Am. Chem. Soc. 26, 1058 (1903). On a colorimetric method 
for the estimation of phosphates in the presence of silica. Used a colorimeter 
similar to the one described and illustrated by Whitson (Bull. 85, Wise. Agr. 
E.xpt. Sta.). 

Watson, H. J., Am. J. Pharm. 76, 166, 199 (1903). A modification of Nessler’s 
tubes. 

Meisling, a. a., Z. anal. Chem. 43 , 137 (1904). 

Schreiner, 0., J. Am. Chem. Soc. 27 , 1192 (1905); also U. S. Dept. Agr., 
Bull. 31 , Bur. of Soils, 1906. A simple colorimeter for general use. 

Kijkman, F. H., Proc. Acad. Sci. Amsterdam, 8, 166 (1905). 

Smeaton, W. G., j. Am. Chem. Soc. 28, 1433 (1906). 

White, C. H., Bull. Am. Inst. Mining Eng. 11 , 743 (1906). 

Kennicott and Sargent, Chem. Engineer 6, 213 (1906-07). 

Ives, F. E., J. Franklin Inst. 164 , 47, 421 (1907). 

Scezepanik, j., Ger. Pat. 191,738; ling. Pat. 22,995, Oct. 18, 1907; J. Soc. 
Chem. Ind. 27, 297 (1908). 

Hyvert, G., ly. Pat. 390,863, Aug. 10, 1907; J. Soc. Chem. Ind. 27, 1179 
(1908). 

Stokes, II. N., and Cain, J. R., J. Am. Chem. Soc. 29, 414 (1907). Describe 
a simple apparatus used in their critical experimental examination of the 
thiocyanate-colorimetric method for the determination of iron. 

Bernstein, A., Chem.-Ztg. 61 , 727; C. A. 2 , 2 (1908). 

Plesch, j., Z. Chem. Apparat. 3, 212; C. A. 2, 3295 (1908). Chromophotom- 
cter. Used for the determination of 'color concentration and the relative 
proportions in a mixture of a number of colors. 

Bratkowski, W., Z. Farben-Ind., through Chem. Zentr., II, .95 (1908); C. A. 
3, 1134 (1909). 
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Steiger, G., J. Am. Chem. Soc. 30, 215 (1908); see also U. S. Geol. Survey, 
Bull. 700, 37 (1919). 

Frankeorter, G. B., Walker, G. W., and Wilhoit, A. D., J. Am. Chem Soc, 
31, 35 (1909). Colorimetric determination of dissolved oxygen in water. 
Give a detailed description of their apparatus and a figure. 

Paravicini, Stahl u. Risen 29, 1233 (1909); Z. anal. Chem. 49, 767 (1910). 
GOntiier, T., Chem.-Ztg. 33, 318 (1909). 

Fueat, E. and Schlesinger, E., German Patent No. 235,541 (1910). A bicoL 
orimcter. 

Autenrieth, W. and Koenigsbercer, J., Miinch. med. Wochschr. 67, 998 
(1910); J. Chem. Soc. 98, ii, 910 (1910); see also Autenrieth and Funk, Z. 
anal. Chem. 62, 137 (1913). Designed chiefly for measurements in physi- 
ological chemistry. No dilutions are necessary. 

Roberts, N., U. S. Pub. Health Service, Hyg. Lab. Bull. 66, 79 (1910). 
Lovibond, j. W., Eng. Pat. 14,926, June 21, 1910; J. Soc. Chem. Ind. 30, 158 
(1911). 

Parks, U. S. Pat. 977,964, Dec. 6, 1910; J. Soc. Chem. Ind. 30, 111 (1911). 
IIEI.LIGE, F., U. S. Pat. 998,091; Eng. Pat. 20,692, Sept. 5, 1910; J. Soc. Chem. 
Ind. 30, 575 (1911). 

C.\MPBET.L, E. 1). and Hurley, W. B., J. Am. Chem. Soc. 33, 1112 (1911). 
Lovibond, Pottery-Gaz. 36, 1269 (1911). 

Fellenberg, T. von, Mitt. Lebensmiltelinters ii, Hyg. 1, 351 (1911); C. A. 6, 
2448 (1911). 

Bobier, M., Bull. soc. pharm. Bordeaux 60, 480 (1911); C. A. 6, 399 (1911). 

Gives a description and figure of the apparatus. 

White, C. IL, J. Am. Chem. Soc. 34, 659 (1912); Chem.-Ztg. 36, 747 (1912); 
Z. angew. Chem. 26, 1563 (1912). A colorimeter for rapid work with widely 
varying standards. 

Autenrieth, W. and Koenigsberger, J., Z. angew. Chem. 26, 1168 (1912), 
J. Soc. Chem. Ind. 31, 664 (1912). 

Toggenbukc, F., Schweii!. Wochschr. 60, 417 (1912); C. A, 6, 2561 (1912). 
A simple colorimeter and its use in metallurgical and food analysis. Similar 
to Hehner’s instrument. 

Grutzner, P. V., Pfliiger’s Arch. ges. Physiol. 144, 545 (1912). 

Klemperer, R. L. v. and Lowe, F., Chem.-Ztg. 36, 853 (1912). 

Nutting colorimeter, see Bur. of Standards, Bull. Vol. 9, 1913, pp. 1-5, and 
Phys. Rev. 4, 2nd ser. pp. 454-455. 

Stanford, R. V., Z. physiol. Chem. 87, 159 (1913); J. Chem. Soc. 104, ii, 856 
(1913). A dilution colorimeter and the error of colorimetric comparison. 
Autenri’eth, W. and Funk, A., Z. anal. Chem. 62, 137 (1913). Colorimetric 
methods for water analysis by the use of AuLcnrieth-Koenigsberger’s color- 
imeter. 

SCHOLZ, A., Chem.-Ztg. 38, 497; 6 . A. 8, 2085 (1914). A new heatable col- 
orimeter. The observation tubes are enclosed in a double-walled bath con- 
taining water or oil, depending on the melting point of the substance under 
investigation. May also be used at room temperature. 
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Verbeek, P., Z., angew. Chem. Aufsatz 27 , 1, 203 (1914). Describes two col- 
orimeters. Well illustrated with figures. 

Niece, F. E., J. Am. Pharm. Assocn. 3, 1460 (1914). 

Nowak, C. A., J. Ind. Eng. Chem. 6, 323 (1914). Conversion curve for Lovi- 
bond’s tintometer and Stammer’s colorimeter. 

Clark, C. M., J. Ind. Eng. Chem. 6, 1012 (1914). A convenient color camera. 

Niece, F. E., J. Am. Pharm. Assocn. 3 , 1460; C. A. 8, 3837 (1914). 

Verheek, P., Z. angew. Chem. 27 , Aufsatz. 203; C. A. 8, 2085 (1914). Two 
new colorimeters. 

Mecklenburg, A. W. and Valentiner, S., Z. Instrumentenk. 34 , 209 (1914); 
Kolloid Z. 14 , 172 (1914). Tyndallmcter. 

Brotherhood, J. S., J. Am. Med. Assocn. 64 , 1757 (1915); C. A. 9 , 2393 (lOl.*;). 
Simple colorimeter for use in the phenolsulfoncphthalein test for kidney 
function. 

Kuttner, T., j. Am. Med. Assocn. 66, 245 (1915). A slightly modified Sahli- 
Gower hemoglobinometer. A pocket colorimeter. Differs chiefly from the 
original instrument in that Helmholtz prisms have been introduced to secure 
better comparison of solutions. 

Myers, V. C., J. Lab. Clin. Med. 1, 760 (1915-16). A simple colorimeter for 
clinical purpo.scs. 

Sammet, C. F., j. Ind. Eng. Chem. 8, 519 (1916). 

Anon. Farben-Ztg. 22, 130 (1916); C. A. 11, 1064 (1917). Is there a depend- 
able colorimeter? A review of the various methods used to compare colored 
materials and solutions with colored glasses, plates, and standard solutions 
leads to the conclusion that there are still many difficulties to be overcome. 

MCller-Hossly, E., Mitt. Lebensm. Hyg. 7 , 351 (1917); Chem. Zcntr. 399 
(1918). Observations using the colorimeter of v. Fellenberg. 

Moreau, E., Ann. fals. 10, 235 (1917); J. Chem. Soc. 112, ii, 418 (1917). A 
new, practical colorimeter. Has an ordinary comparison tube which has 
scaled near the lower end a lateral tube connected by rubber tubing to a 
reservoir containing the standard solution. 

Bernvalli, a.. Arch. sci. phys. nat. 43 , 384 (1917); C. A. 11 , 2843 (1917). 
Precision colorimeter. 

Koenigsberger, j., Chem.-Zlg. 41 , 329 (1917); Chem. Zentr. 1046 (1917). 
A four-wedge colorimeter. 

Weir, J. W., J, Lab. Clin. Med. 3, 132 (1917-18); C. A. 12, 1261 (1918). 

MilLLER-HossLY, E., Mitt. Lebensm. 9 , 85 (1918); C. A. 12 , 1746 (1918); cf. 
C. A. 6, 2448. Observations on working with the v. Fellenberg’s colorimeter 

Peebles, A. R. and Lewis, R. C., J. Am. Med. Assocn. 70, 679 (1918); C. A. 12, 
1063 (1918). Simple and accurate colorimeter for clinical use. 

Bock, J. C. and Benedict, S. R., J. Biol. Chem. 36 , 227 (1918). New form of 
colorimeter. 

Myers, V. C., J. Lab. Clin. Med. 6, 350 (19 19-20). A brief discussion of sev- 
eral well-known instruments. 

Baudouin, a. and Benard, H., Compt. rend. soc. biol. 83 , 602 (1920); J. Chem. 
Soc. 122, ii, 862 (1922); C. A. 16, 3322 (1922). A microcolorimeter and 
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nepbelometer. Describe a miniature Duboscq apparatus. Cups 2 cc. 
capacity. 

Jones, L. A., J. Optical Soc. Am. 4, 420 (1920); C. A. 16, 778 (1921). 
WiLDERMUTH, l\, Arch. ges. Physiol. (Pilugers) 183, 91 (1920); Ber. ges. 
Physiol, exptl. Pharmakol. 4, 458 (1920-21). A photoelectric colorimeter. 
Used two potassium cells to measure differences in light intensity. Sup- 
posed to be very sensitive. No data. 

Davis, C. W., J. Franklin Inst. 190, 243 (1920); C. A. 16, 193 (1921). Simple 
changes which effect a marked improvement in the Schreiner colorimeter. 
Hartridge, H., Proc. Cambridge Phil. Soc. 19, 271 (1920); C. A. 14, 3548 
(1920). 

Spindi.er, F. cl, U. S. Pat. 1,353,500, Sept. 21, 1920; J. Soc. Chem. Ind. 39, 
769A (1920). 

Bowers, W. G. and Moyer, J., J. Biol. Chem. 42, 191 (1920); J. Chem. Soc. 
118, ii, 444 (1920). 

Snell, F. D., Colorimetric Analysis, 150 pp., I). Van Nostrand Co., New York, 
1921. Gives descriptions, with figures, of several common forms of colorim- 
eters pp. 5-26. 

Kleiner, I. S., J. Am. Med. Assocn. 76, 172 (1921). Wedge-type (wedge of 
hollow glass). Colorimeter. 

Meulengracht, E., Deut. Arch. klin. Med. 137, 38 (1921); Ber. ges. Physiol, 
exptl. Pharmakol. 10, 414 (1921-22). A colorimeter for bilirubin determina- 
tion in blood. 

Kober, P. a. and Klktt, R. K., J. Biol. Chem. 47, 19 (1921). Further im- 
provements in the nephelometer-colorimetcr. 

Myers, V. C., J. Lab. Clin. Med. 7, 237 (1921-22); C. A. 10, 1103 (1922). 

Wedge-type (wedge of solid glass). A new microcolorimeter. 

Mannebach, 0., Chcm.-Ztg. 46, 20 (1922); J. C hem. Soc. 122, ii, 158 (1922). 
Adler, A., Klin. Wochschr. 2, 1942 (1922); Ber. ges. Physiol, exptl. Pharmakol. 
16 161 (1922-23). A new colorimeter without standard solution. Uses 
Ostwald color standards. 

Moreau, E. and Bonis, A., Ann. Fals. 16, 357 (1922); J. Chem. Soc. 122, ii, 862 
(1922); C. A. 17, 1 (1923); J- Soc. C'hem. Ind. 41, 998A (1922). Essentially 
two graduated cylinders placed side by side in a suitable frame. Standard 
solution admitted from a tapped funnel or reservoir connected by a side 
tube at the bottom of the comparison cylinder. 

Myers, V. C., J. Biol. Chem. 64, 675 (1922); C. A. 17, 781 (1923); Analyst 48, 
143 (1923); J. Soc. Chem. Ind. 42, 163A (1923). A colorimeter for bicolori- 
mctric work. 

Haan, j. de, Nederland. Tijdschr. Geneeskunde 66, 1076 (1922); C. A. 16, 
2699 (1922). A simple colorimeter lor clinical use. 

Baudouin, a. and Benard, H., Bulk Mem. soc. med. h6p. Paris. 38, 332 (1922); 
Ber. ges. Physiol, exptl. Pharmakol. 14, 290 (1922). A colorimeter-nephelom- 
eter and differential spectroscope. 

Newcomer, H. S., J. Biol. Chem. 66, 569 (1923). 
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BiiRKER, K., Z. angew. Chem. 36, 427 (1923); J. Chem. Soc. 124, ii, 694 ( 1923 ). 

C. A. 17, 3432 (1923); J. Soc. Chem. Ind. 42, 1105A (1923). 

White, E. C. and Tolman, R. C., Phys. Rev. 22 , 207 (1923); J. Chem. Soc- 
126, ii, 868 ( 1 924). Colorimeter for corrosive gases. An all-glass colorimeter 
for measuring low concentrations of Br, I, NO 2 , etc. 

Stanford, R. V., Biochem. J. 17, 839 (1923); J. Chem. Soc. 126, ii, 198 (1924)- 
C. A. 18, 769 (1924). Improvements in colorimetry. Describes ini[)r()vc- 
ments in his inconvenient colorimeter reported in Z. physiol. Chem. 87, 159 
(1913), as well as improvement in the source of light employed. 

King, W. J., Ind. Eng. Chem. 16, 351 (1923). Essentially the Campbell and 
Hurley type, but with certain improvements for use in determining Mo. 
Gives a diagramatic drawing of the apparatus. 

Wu, H., Proc. Soc. Exptl. Biol. Med. 21 , III (1923). “An extra cup, movable 
stage, and vernier are added to one side of the colorimeter. The new cup is 
adjusted to the cylinder in the ordinary way, the 2 nd cup, which is larger, 
encases the 1 st cup and has a vertical adjustment. At zero, the end of the 
cylinder is in contact with the bottom of the 1 st cup and this in turn is in 
contact with the bottom of the 2 nd cup. The cup on the other side of the 
colorimeter has an additional glass bottom. The app. is of especial value in 
the detn. of pH; the acid indicator soln. is placed in the inner cup, the alk. 
indicator soln. in the outer cup, and the unknown soln. in the cup on the 
other side. Good results were obtained with phenol red as indicator." 
C. V. B., C. A. 19, 1720 (1925). 

Horne, W. D. and Rice, E. W., Ind. Eng. Chem. 16, 626 (1924). A simple 
turbidiscope. 

Hibbard, P. L., Ind. Eng. Chem. 16, 804 (1924). A modified Campbell- 
Hurley colorimeter which affords a rapid means for the determination of any 
ion which will give a colorless granular precipitate by measurement of turbid- 
ity. Must be calibrated for each suspension. Accuracy 5-10 per cent. 
Methods for Ca, Mg, and S 04 given. 

Killian, J. A., J. Lab. Clin, Med. 10 , 570 (1924-25). An improved colorimeter. 
Utilizes the best mechanical parts of the Klett and Bock-Benedict colori- 
meters, with a few additional improvements. 

Thro, W. C., J. Lab. Clin. Med. 10, 491 (1924-25). Modifications of the 
Sahli hemoglobinometer. 

Lebermann, 1'\, Miinch. med. Wochschr. 72, 982; Chem. Zentr. 1926, II, 1199; 
C. A. 20 , 3470 (1926), The utility of the Buerker colorimeter, with special 
reference to the determination of hemoglobin. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 cd., D. Van Nos- 
trand Co., New York, 1925. Describes (with figures) several types of col- 
orimeters on pp. 164b, 283, 545, 546, and 548. 

Dold, H., Chem.-Ztg. 49, 842 (1925); C. A. 20 , 1 (1926). A description of a 
tubidometer sold by F. and M. Lautenschlager, Frankfurt a. M. 

Olszewski, W., Chem.-Ztg. 60, 694 (1926); C. A. 21 , 197 (1927). The Olszew- 
ski-RoscmUller turbidimeter and colorimeter for water investigation. De- 
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scribes a half-shadow photometer in which the color glasses developed by 
the U. S. Geological Survey are used for the color determinations, 

Reimann, S. P., Proc. Soc. Exptl. Biol. Med. 23, 520 (1926); C. A. 21, 1034 
(1927). The photoelectric cell as a colorimeter. Methods are described for 
using the photoelectric cell in colorimetric and nephelometric determinations. 
The advantages arc extreme accuracy and simplicity. 

Bernouilli, a. L., Helv. Chim. Acta. 9, 827 (1926); C. A. 21, 30 (1927). The 
sliding-gage colorimeter and the determination of minute quantities of ammo- 
nia, nitrite, lead, and iron. By means of this instrument it is possible to del. 
0.002 mg. of Fe dissolved in 0.1 cc. with an accuracy of 0.4 of 1 per cent of 
the total amt. present. 

Freund, H., Chem.-Ztg. 60, 194 (1926). A new colorimeter. Manufacturer’s 
announcement. 

Kleinmann, H., Biochem. Z. 179, 276 (1926). Ein ncucs Kolorimeter fur kleine 
Flussigkeitsmengen (Mikrokolorimeter). 

Bader, J. P., U. S. Pat. 1,629,609, May 24, 1927; C. A. 21, 2202 (1927). A 
colorimeter adapted for tests of hydrocarbon oils. 

Yoe, J. H., Ind. Eng. Chem. 19, 1131 (1927). A colorimeter for precise matching 
solutions in Nessler tubes. Similar to the Kennicott-Campbell-Hurley col- 
orimeter, a series of Nessler tubes and a rack replacing the stand carrying the 
two comparison cylinders and reservoir tube in the latter apparatus. 

Colorimeter Cune. 

Wright, S. L., Jr., J. Biol. Chem. 71, 209 (1926-27). Note on colorimeter 
correction curves. 

Colorimeter Lamp, 

Day, H. D., Proc. Physiol. Soc., J. Physiol. 62, XXXI (1927); C. A. 21, 2144 
(1927). A simple colorimeter lamp. 


Colorimetry. 

Cameron, C. A., Them. News 34, 77 (1876). On llic cslimation of color in 


Bottomley, j., Chem. News 38, 191 (1878); J. Chein. Soc. 36, 77 (1879). Gen- 
eral theory and a colorimeter similar to E. J. Mills’. 

Bottomley, T., Chem. News 39, 276 (1879). General theory. 

Hazen, a., Am. Chem. J. 14, .100 (1892); J. Chem. Soc. 62, .1527 (1892). A 
new color standard for natural waters. Uses Pt and Co chlorides. 


Lombond, j. W., J. Soc. Chem. Ind. 13, 308 (1894). n c i j 

Barbet, E., Bull, assocn. chim. suer. dist. 26, 40; C. A. 2, 41 ('^OS). Standard 

unity for colorimetry. Proposes the foUewing definition of the ‘ colonc. The 

coloration produced hy a solution of 10 mm., containing 0.1 g. of iodine to 


the liter. » , tt c 

Schreiner, 0., J. Am. Chem. Soc. 27, 1192 (1905); also Bull. No 31, U. S^ 
Dept. Agr., Bur. of Soils (1906). A simple colorimeter for general use, with 
remarks on colorimetric methods and apparatus. Introductory remarks 
on the various applications of colorimetry. WeU-known and also new meth- 
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ods for determining small quantities of NH4, K, Mg, Mn, Fe, Ti, NO,, N{)j 
PO4, SiOj, SO4, S, CaCU, CaCOj, and Ca(HCOs)2. 

Knapp, A. W., J. Soc. Chem. Ind. 29, 1343 (1910); C. A. 0, 822 (1911). The 
interpretation of color values obtained by Lovibond’s tintometer. Al.so 
contains a discussion by Liversedge on the application of the tintometer to 
the examination of water. 

Moller, H. J., Ber. deut. pharm. Ges. 20, 358; Pharm. Zentralhalle 61, 1059; 

^ ^ 5 1 1 1 TiQtprniiiinml.rQlnr detflrminati/ing Onror « _ 

of the various schemes for color standards and describes in more detail the 
“code of colors” of P. Klincksieck, Bull. soc. bot. France. 63, (1906) and Bull, 
soc. mycol. France. 22 (1906). 

Lovibond, j. W., Pottery Gaz. 36, 1269; C. A. 6, 227 (1911). Describes the 
principles and application of the Lovibond tintometer. 

Falk, K. G. and Noyes, H. M., J. Biol. Chem. 42, 109 (1920); C. A. 14, 2355 
(1920). 

Snell, F. D., Colorimetric Analysis, D. Van Nostrand Co., New York, 1921, 
150 pp. Gives one or more methods for each of the following substances: 
Fe, Cu, C, Pb, Bi, As, Al, Cr, Ni, Co, Mn, Zn, K, Mg, Au, Ti, V, W, F, Cl, 
CIO4, NO3, NO2, NIG, PO4, Si02, B, 0, H2O2, S, H2S, Se02, CN, salicylic 
acid, and color of water, oils, and dyes. 

Fleury, P., Bull. soc. chim. biol. 4, 223 (1922); C. A. 16, 3598 (1922); J, 
Chem. Soc. 122, ii, 518 (1922). 

Dosne, P., Bull. soc. ind. Mulhouse 88, 73 (1922); J. Chem. Soc. 122, ii, 518 
(1922); J. Soc. Chem. Ind. 41, 485A (1922). A bright beam of light is 
directed upwards through a column of a solution of known strength of the 
colored substance under examination and the height of the column necessary 
for the complete absorption of the transmitted light, as observed through 
a spectroscope, is determined. The coloring power of a substance is directly 
proportional to the height of the column and to the strength of the solution; 
hence, various coloring substances can be compared when dissolved in water, 
alcohol, and other solvents. Method useful but not new. 

WuLFE, P., German Patent No. 405,091 (1923). Aids to colorimetric deter- 
mination of dissolved chemical compounds. Uses gels. 

Yoe, j. H., j. Lab. Clin. Med. 13, 139 (1927). A general discussion on colorim- 
etry. The following topics are treated: (1) methods of matching color, (2) 
requirements, (3) accuracy, (4) speed, (5) limits of application, and (6) errors. 

Columbium. 

Levy, L., Compt. rend. 103, 1074, 1195; sec abo J. Anal. Chem. 1, 201 (1887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tant.alic, stannic, 
arsenic, and vanadic acids, and bismuth oxide. Reagents used were either 
phenols or allied substances. 

Meimberg, E., Z. angew. Chem. 26, si (1913). Makes use of the fact that 
columbates, especially the fluoride compounds, are reduced by tin and HCl 
to colored compounds, whereas the tantalates are not affected. 0. 1 per cent 
of columbium can be estimated with an error not exceeding 5 per cent. 
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Meimberg, E. and Winzer, P., Z. angew. Chcm. 26, 1, 157 (1913). Separate 
Ta from columbium by precipitation of former with KCl and HF. 

Copper. 

Keates, Z. anal. Chcm. 6, 424 (1866). Keates said to be the first person to 
determine copper colorimctrically. This was done in 1830. Cited in Z. 
anal. Chem. 6, 424 (1866). 

Heine, Bergwerksfreund 1, 33 and 17, 405; reference made in Z. anal. Chcm. 6 , 
424 (1866). Work done a few years later than that of Keates in 1830. 

Jacquelain, J. prakt. Chcm. 46, 174 (1849). 

Hubert, Berg. u. hiittenm. Ztng. 1849, p. 677 and 1861, p. 804. See also 
Schemnitzer u. Leobener Jahrb. 14, 187 (1865) and Bergwfrnd. 17, 405; 
references given in Z. anal. Chem. 6, 424 (1866). 

MOller, a., J. prakt. Chem. 60, 474 (1853) and 66, 193 (1855); Z. anal. Chem. 
6 , 423 (1866). 

Eggertz, Berg. u. hiittenm. Ztng. 1862, p. 218; reference given in Z. anal. Chem. 
6, 424 (1866). Colorimetric method for determining small amounts of copper 
in iron ores, iron and steel. 

Dehms, F., Z. anal. Chem. 3, 218 (1864). Uses NIEOH. 

Wagmeister, Oesterr. Zeit. 1866, p. 270; reference given in Z. anal. Chem. 6, 
424 (1866). 

MOller, a., j. prakt. Chem. 99, 337 (1866); Z. anal. Chem. 6, 252 (1867). 

Bischof, G., Jr., Dingler’s polytech. J. 184, 433; Z. anal. Chem. 6, 459 (1867). 
Uses NH4OH. Describes his colorimeter. 

Blunt, T. P., Chem. News 32, 3 (1875). Estimation of traces of Cu in red 
lead. Uses K^FefCN)*. 

Bergeron and L’H6 te, L., Compt. rend. 80, 268 (1875). Estimation of very 
minute traces of copper in the human body. Use NH4OH and K 4 Fe(CN)e 
methods. 

Carnelley, T., Chem. News 32, 308 (1875); J. Chem. Soc. 30, 751 (1876). 
Uses K 4 Fe(CN) 8 . Will detect 1 part of ('u in 2,500,000 parts of water. 

Blunt, T. P., Chem. News 33, 7 (1876). Claims priority over Carnelley [Chem. 
News 32, 308 (1875)] in using the K 4 Fe(CN )8 method, and discusses colorim- 
etry. Suggests that judgment by turbidity may be provisionally called 
“nephelometry.” 

Muir, M. M. P., Chem. News 33, 11 (1876). Uses H 2 S. 

Bayley, T., Chcm. News 41, 170 (1880); Z. anal. Chem. 19, 470 (1880). On 
the reflection from copper, and on the colorimetric estimation of copper by 
means of the reflection cuprimetcr. 

Wagner, A., Z. anal. Chem. 20 , 349 (1881); Chem. News 46, 35 (1882). On 
the delicacy of the K 4 Fe(CN) 6 , KCNS, and tannic tests for Fe and the 
K 4 Fe(CN) 6 , NH4OH and K xanthogenate tests for Cu. 

Nessler, j. and Barth, M., Z. anal. Chem. 22, 37 (1883). Use K 4 Fe(CN) 8 . 

Cooper, A. J., J. Soc. Chem. Ind. 6, 84 (1886). Note on the detection of metals 
in drinking water. Gives a table showing the delicacy of the following tests: 
K 4 Fe(CN)«, NH4OH, and H^S tests for Cu; (NH4)2S test for Zn; H,S test 
for As; K^Cr 04 and US tests for Pb. 
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Ziegler, A., Dingler’s polytech. J. 286, 142 (1892). 

Budden, E. R. and Hardy, H., Analyst, 19 , 169; J. Chem. Soc. 66 , ii, 4^1 
(1894). Colorimetric estimation of minute quantities of lead, copper, tin 
and iron. In determining traces of metals by the hydrogen sulfide method 
it is necessary to follow strictly the same order in the addition of the reagents 
and, as closely as possible, to use always the same quantity of reagents, both 
in the experiment and in the preparation of the standard for comparison. 
Budden, E. R. and Hardy, H., Analyst 21 , 12 (1896). Find the colorimetric 
methods preferable to electrolytic methods for testing beverages for metals 
when several are present. Metals tested: Cu, Pb, Hg. 

Heath, G. L., J. Am. Chem. Soc. 19 , 24 (1897). Improvements in the colori- 
metric test for copper. Uses NH40H. Gives precautions to be taken. 
Bodmer, R. and Moor, C. G., Analyst 22 , 141 (1897). On copper in peas. 
Uses the following colorimetric methods: ( 1 ) HjS, ( 2 ) NH4OH, (. 3 ) ferro- 
cyanide. 

Lucas, M., Bull. soc. chim. 19 , 815 (1898); J. Chem. Soc. 76 , ii, 522 (1890). 
Uses K 4 Fe(CN)e. 

Bach, A., Compt. rend. 128 , 363 (1899); cf. Thomas and Carpentier, ibid. 173, 
1084 (1921). Formaldoximc as a reagent for detecting very small quantities 
of copper. Sensitive to approximately 1 part of Cu in 3| million parts of 
water. 

Phelps, E. B,, J. Am. Chem. Soc. 28 , 368 (1906). Estimation of small quan- 
tities of copper in (drinking ) waters. Uses alkaline K^S. Accurate to O.I 
part per million. 

Bradley, H. C, Am. J. Sci. [4], 22 , 326 (1906); C. A. 1, 150 (1907). Logwood 
hematoxylin produces a dark blue color with copper. Reaction extraordi- 
narily delicate. 0 . 0«1 per cent copper gives a blue color. One thousand times 
more delicate than the ferrocyanidc test. Conditions for optimum reaction 
and its nature not yet worked out. 

Milbauer, j., Z. anal. Chem. 46, 656 (1907); C. A. 2 , 972 (1908). Colorimetric 
comparison of solutions of copper and nickel salts. Uses NH4OH. 

Milbauer, J. and Stanek, V., Z. anal. Chem. 46, 644 (1907); C. A. 2 , 971 
(1908). A study of the effect of the presence of NH3, NH4CI and (NHi)iC ()3 
in various amounts uixrn the intensity and shade of the blue color of the com- 
plex copper-ammonia ions. 

Uhlenhuth, R., Chem.-Ztg. 34 , 887 (1910); Analyst 36 , 453 (1910). A new 
reaction of copper. Uses an alkaline solution of 1 . 2 -diamino-anthra-quinone- 
3 -sulphonic acid. Intense blue color obtained. Will detect 0.00019 mg. Cu 
per cubic centimeter. 

Austin, A., Mining World 33 , 753; C. A. 6 , 1038 (191 1). Uses NH 4 OH. 

Serger, H., Chem.-Ztg. 36 , 935 (1911); C. A. 6 , 3704 (1911). Colorimetric 
determination of copper in preserves. Uses NH4OH. 

Schott, F., Z. Nahr. Genussm. 22 , 727; 'C. A. 6 , 725 (1912); cf. Sherman and 
Goss, C. A. 6, 2792. Colorimetric estimation of salicylic acid and copper. 
The Jorissen reaction is used. 10 mg. salicylic acid per liter give a com- 
parable color. 0.01 mg. Cu may be determined. Sucrose, glucose, lactose, 
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invert sugar and traces of Fe do not interfere, but free mineral acids, tartaric 
and citric acids, and large amounts Fe do. 

Winkler, L. W., Z. angew. Chem. 26, 38 (1913); J. Chem. Soc. 104, ii, 246 
(1913); J. Soc. Chem. Ind. 32, 157 (1913). Detection and colorimetric 
estimation of lead, copper, and zinc in potable water. Used Na^S for Pb; 
K 4 Fe (CN)« and KHCOj for Cu; and a turbidity method for Zn. 

Reese, C. and Drose, J., Z. angew. Chem. 27, 307 (1914); Z. Nahr. Genussm. 
28, 427 (1914); J. Chem. Soc. 108, ii, 580 (1914); J. Soc. Chem. Ind. 33, 661 
(1914). Colorimetric estimation of lead and copper in potable water. Form 
the sulfides in HAc solution. 

Winkler, L. W., Z. angew. Chem. 27, 544 (1914); J. Chem. Soc. 108, ii, 376 
(1915). Detection and estimation of copper in potable water. Uses ferro- 
cyanide. Rochelle salt and ammonia added to form a colorless complex 
with the Fe. 

Huttner, C., Z. anorg. Chem. 86, 341 (1914); J. Soc. Chem. Ind. 33, 614 
(1914); Z. anal. Chem. 64, 471 (1915). Matches HCl solutions of the 
chlorides. C. A. 8, 2540 (1914) gives a long abstract of the paper. 

White, B. S., J. Ind. Eng. Chem. 7, 1035 (1915); J. Soc. Chem. Ind. 36, 144 
(1916). A colorimetric method for the determination of copper and iron in 
pig lead, lead oxides, and lead carbonate. 

Denig^:s, G. and Simonot, E., Bull. soc. pharm. Bordeaux, Aug.-Dee., 1915; 
Report, pharm. 27, 172 (1915); C. A. 9, 2629 (1915). CuHr^ method. 

Heath, R. F., Mining Sci. Press 114, 624 (1917); C. A. 11, 1938 (1917). Uses 
K4Fe(CN)6. 

Maquenne, L. and Demoussy, PL, Compt. rend. 168, 489 (1919); Bull. soc. 
chim. 26, 272 (1919); C. A. 13, 1981 0919). A very sensitive reaction of 
copper; its application to the analysis of .soils and plant ashes. Use 
K 4 Fe(CN )6 (10 per cent) method made more sensitive by adding 2 drops of 
ZnSO^ (1 per cent) to prepared solution of sample. 

Hardy, C. R., Chem. News 120, 256 (1920); J. Chem. Soc. 118, ii, 510 (1920). 
Colorimetric method for the estimation of the copper and iron present in lead 
and lead oxides. Uses K 4 l'’e(CN)o for Cu and NH4CNS for Pc. 

Rose, W. C. and Bodansky, M., J. Biol. Chem. 44, 99 (1920). Biochemical 
studies on marine organisms. 1. d'he occurrence of copper. Use NILOH. 

Snell, PL D., Colorimetric Analysis, p. 44, D. Van Nostrand Co., New York, 
1921. Determination of copper by ammonia. 

Snell, F. D., ibid., p. 46, 1921. Determination of copper as Ihe chloride in 
concentrated HCl. 

Snell, F. D., ibid., p. 47, 1921. Determination of copper by salicylic acid. 

Snell, F. D., ibid., p. 48, 1921. Determination of copper by K 4 Fc(CN) 8 . 

Snell, F. D., ibid., p. 50, 1921. Determination of copper as the sulfide. 

Snell, F. D., ibid., p. 51, 1921. Determination of copiicr as potassium ethyl 

xanthate. * 

Snell, F. D., ibid., p. 53, 1921. Determination of copper as the bromid. 

Thomas, P. and Carpentiek, G., Compt. rend. 173, 1082 (1921); C. A. 16, 
538 (1922). A very sensitive test for copper: the reaction of Kastle-Meyer. 
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A solution of 2 g. of phenolphthalein and 20 g. of pure KOH in lOO " 
boiled with 10 g. of Zn dust tiU decolorized, gives a pink coloration 
solution containing 1 part of Cu per 100,000,000 parts of water ,ift ’ 
minutes; 1 in 10,000,000 in 15-20 seconds; 1 in 1,000,000 at once 
to bright red in a few seconds. ' “"w and change* 

Jarvinen, K. K., Z. Nahr. Genussm. 46, 183 (1923); J. Chem. Soc 124 
655 (1923). Colorimetric estimation of small quantities of metals in f 'a' 
stuffs and the preliminary destruction of the organic matter. Detail f 
the destruction of the organic matter arc given and for the estimation of s' 
and Pb in the presence of one another, Cu and Zn in the presence of 
another, Al, Ni, As, and Sb. H.S or Na.S used. ' 

PVKIKI, C.. Z, anal. Chem. 64, 325 (1924); J. Chem. Soc. 126, ii, 702 (loriV 
C. A. 19, 450; Analyst 49, 491 (1924); J. Soc. Chem. Ind. 43 , B845 ( 1924 )' 
Colorimetric deterniinalion of small quantities of lead and copper in drint 
mg water. Uses Winkler’s sulfide method. 

CtiRHiE. A. N., Biochem. J. 18, 1224 (1924); J. Chem, Soc. 128, i, 183 ( 1915 ). 
J. Soc. (.hem. Ind. 44, B269 (1925). Determination of small quantities of 
copper in tissues. Uses Na arsenile prepared by the interaction of NaOll 
and AsCli. [CuH arsenite (Scheele’s green) formed.] 

Scott, W. W',, Standard Afethods of Chemical Analysis, 4 ed. pp 197-199 
D Van Noslrand Co., New York, 1926. Uses the following methods: ( 1 ) K 
ethyl xanthalc, ( 2 ) K,Fc(CN),, ( 3 ) NH.OH, ( 4 ) IDS. 

Standard Methods for the Examination of Water and Sewage, 6 ed, p. 55 
American Public Health Association, New York, 1926. Uses K S ' 

Ta“9T833^,925i"'T?®'V-!-^" 

•A. 19, 1833 (1925). A saturated solution of dinitrosorcs orcinol will detect 
as little as 0.004 mg. of Cu and somewhat less Fe and Co in 1 cc. of neutral 
solution. 

^ ’'''•■‘'ys' 'll 

stuffs ‘ copper in fooil 

168 (1926); C. A. 20 , 3274 

(1926). ’ 


Creatine. 


Folin, 0„ Z. physiol. Chem. 41, 223 (1904); J. Chem. Soc. 86, ii, 375 (1904), 
Creatinine and creatine in urine. Creatinine method based on Jaff 6 ’s reac- 
tion. Uses picric acid and KOH and matches resulting color against standard 


Gwndmv H. S. and Woods, H. S., J. Biol. Chem. 2, 309 (1906-07). Methods 
ioT the determination of creatinine and creatine in meats and their products. 
Picric acid and NaOH. 

Benedict, F. G., and Myers, V. C., Am. J. Physiol. 18, 397 (1907). 

Baeschail, E. B. H., Arb. kais. Gesundh. 24, 562 ; Analyst 82, 48 (1907) Col- 
onmetric determination of creatine and creatinine in meat extracts.' Uses 
picric acid and NaOH. 
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Emmett, A. D. and Grindley, H. S, J. Biol. Chcm.^3, 491 (1007). Further 
studies on the application of Folin’s creatine and crJatinine method to meals 
and meat extracts. Use picric acid and NaOH. 

Hehner, 0., Pharm. J. 73, 683 (1907). Uses picric acid and alkali. 

Wallpole, G. S., j. Physiol. 42, 301 (1911); C. A. 6, 3465 (1911). The direct 
determination of creatine in pathological urine. Based on the pink color 
given by creatine in alkaline .solutions, but not by creatinine, when a trace cf 
diacetyl is added. The presence of Nils, arginine, or any protein containing 
arginine interferes with the reaction. 

Foster, N. B. and Fisher, H. L., J. Biol. Chem. 9, 359 (1911). Creatine and 
creatinine metabolism in dogs with Ecka fistula. Determine creatine and 
creatinine by Folin’s methods. 

Autenrieth, W. and MOller, G., Miinch. med. Wochschr. 68, 899 (1911). 
Colorimetric estimation of sugar, creatine, and creatinine in urine. 

Rose, W. C., J. Biol. Chem. 12, 73 (1912). The estimation of creatine in the 
presence of sugar. Discusses different methods. 

Myers, V. C. and Fine, M. S., J. Biol. Chem. 14, 9 (1913). The creatine con- 
tent of muscle under normal conditions. Its relation to the urinary creatinine. 
Convert creatine to creatinine and determine by method of Folin. 

Greenwald, I., J. Biol. Chem. 14, 87 (1913). The estimation of creatinine and 
creatine in diabetic urines. Acetoacetic acid or acetone must be removed 
before creatinine can be accurately determined by Folin’s method. 

Baumann, L., J. Biol. Chem. 17, 15 (1914). The determination of creatine in 
muscle. Converts to creatinine and determines colorinietrically according 
to Folin. 

Baur, E. and Trumpler, G., Z. Nahr, Genussm. 27, 697 (1914); J. Chem. Soc. 
106, ii, 595 (1914); J. Soc. Chem. Ind. 33, 659 (1914). Investigated JalTe’s 
method in regard to influence of time, concentration, temperature, and con- 
tration of acid. 

Hunter, A. and Givens, M. H., J. Biol. Chem. 17, 55 (1914). The nitrogen 
excretion of the monkey. Use Folin’s method for creatine and creatinine. 

Myers, V. C. and Fine, M. S., J. Biol. Chem. 17, 65 (1914). A note on the 
determination of creatinine and creatine in muscle. 

Folin, 0., J. Biol. Chem. 17, 463 (1914). On the preparation of creatine, 
creatinine and standard creatinine solutions. .Seeks to replace the bichromate 
standard with standard creatinine solutions. 

Folin, 0. with Morris, J. L., J. Biol. Chem. 17, 469 (1914). On the determi- 
nation of creatinine and creatine in urine. Use creatinine as a standard in 
the making of the color comparisons, rather than potassium bichromate. 

Folin, 0., J. Biol. Chem. 17, 475 (1914). Use picric acid and NaOH. 

Folin, 0. and Buckman, T. E., J. Biol. Chem, 17, 483 (1914). On the creatine 
content of muscle. Uses method described by Folin in J. Biol. Chem. 17, 
475 (1914). 

Folin, 0. and Denis, W., J. Biol. Chem. 17, 493 (1914). 

Benedict, S. R., J. Biol. Chem. 18, 191 (1914). Uses Folin’s method. 
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Binet, L., Deffins, and Rathery, Compt. rend. soc. biol. 77 , 479 (1014). 
C. A. 11,613 (1917). Influence of the presence of • acetoacetic acid iii 
urine on the exact determination of creatine and creatinine by ilu: poii^ 
colorimetric method. 

Shaffer, P. A., J. Biol. Chem. 18, 525 (1914). Modifies Folin’s method. 
Morris, J. L., J. Biol. Chem, 21, 201 (1915). Compares several methods and 
influence of acetone bodies and glucose. 

Janney, N. W. and Blatherwick, N. R., J. Biol. Chem. 21, 577 (1915). The 
quantitative determination of creatine in muscle and other organs. 
Baumann, L. and Marker, J., J. Biol. Chem. 22, 49 (1915). Determine muscle 
creatine according to Baumann, J. Biol, Chem. 17, 15 (1914) and the creaiine 
in the blood and perfusates by an adaptation of this method. 

McCrudden, F. H. and Sargent, C. S., J. Biol. Chem. 24, 423 (1916). d'hc 
occurrence and determination of creatine in the urine. Use picric acid, 
Folin’s older method. 

Baumann, L. and Hines, H. M., J. Biol. Chem. 24, 439 (1916). Determina- 
tion of creatine in muscle. Compare methods of Janney and Blatherwick 
and acid hydrolysis. 

Baumann, L., Hines, H. and Marker, J., Proc. Am. Soc. Biol. Chem,. J. 
Biol. Chem. 24, xxiii (1916), Origin and determination of creaiine in mu.scle. 
Compare Janney and Blatherwick melhod with Baumann method. 

Gettler, a. 0. and Baker, W., J. Biol. Chem. 26, 211 (1916). Chemical and 
physical analysis of blood in thirty normal cases. 

Hammett, F. S., J. Biol. Chem. 25, 601 (1916). The effect on nitrogen parti- 
tion of substituting alcohol for sucrose in an otherwise fixed diet. Uric acid, 
creatinine and creatine by Folin’s methods. 

Rose, W. C., Dimmitt, F. W. and Cheatham, P. N., J, Biol. Chem. 26, .TV) 
(1916). Protein feeding and creatine elimination in fasting man. Original 
Folin methods for creatine and creatinine. 

Denis, W., J. Biol. Chem. 26, 379 (1916). Creatine in human muscle. Deter- 
mines by Folin’s method, 

Folin, 0. and Doisy, E. A., J. Biol. Chem. 28, 349 (1916-17). Impure picric 
acid as a source of error in creatine and creatinine determinations. 

Lyman, J. F. and Trimby, J. C., J, Biol. Chem. 29, 1 (1917). The excretion 
of creatine and creatinine parenterally introduced. Creatine by Folin- 
Benedict method, etc. 

Wilson, D. W. and Plass, E, D., J. Biol. Chem. 29, 413 (1917). Creatine and 
creatinine in whole blood and plasma. Claim Folin’s method unsatisfactory 
with whole blood. Suggest procedure, 

Denis, W, and Kramer, J. G., J. Biol. Chem. 30, 189 (1917). The influence of 
protein intake on creatine excretion in children. Creatinine and creatine 
by Folin’s micro methods. 

Rose, M. S., J. Biol. Chem. 32, 1 (1917). Creatine by Benedict’s modification. 
Hunter, A. and Campbell, W. R., J. Biol. Chem. 32, 195 (1917). The prob- 
able accuracy, in whole blood and plasma, of colorimetric determinations of 
creatinine and creatine. 
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and the distribution of creatinine and creatine in normal human blood. 
Creatinine and creatine in blood and plasma by f olin’s methods. 

Hunter, A. and Campbell, W. R., J. Biol. Chcm. 34, 5 (1918). The placental 
transmission of creatinine and creatine. Find error in Folin method for 
creatine. 

(iREENWALD, I. and McGuire, G., J. Biol. Chcm. 34, 103 (1918). The estima- 
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errors, 

Denis, W., J. Biol. Chem. 36, 513 (1918). The determination of creatinine and 
creatine in blood. Uses alkali and picric acid. 

Myers, V. C. and Fine, M. S., J. Biol. Chcm. 37, 239 (1919). Comparative 
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fluid. Creatine by Folin’s method. 
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creatine by Folia’s metliod. 
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Folin, O. and Wu, H., J. Biol. Chem. 38, 81 (1919). A system of blood analysis. 

Greene, C. H., J. Biol. Chcm. 39, 457 (1919). Changes in nitrogenous extrac- 
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('hem. 21, 567 (1915). 

Gamble, J. L. and Goldschmidt, S., J. Biol. Chcm. 40, 199 (1919). Creatinine 
and creatine by F'olin’s methods. 

Wang, C. C. and Dentler, M. E., J. Biol. Chcm. 46, 237 (1920-21). Creati- 
nine and creatine in the blood. Use Folin-Wu methods. 

Albrecht, P. G., J. Biol. Chcm. 46, 395 (1920-21). Chemical study of several 
marine mollusks of the Pacific coast. Creatinine and creatine by I'olin’s 
method. 
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muscle extracts. A comparison of the picric acid and the tungstic acid 
methods of deproteinization. 
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Folin’s method. 
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Treparation and comparison of standards for the estimation of creatine and 
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Wilson, D. W., J. Biol. Chcm. 66, 215 (1923). Creatine and creatinine by 
Folin’s method. 
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creatinine by Folin’s method. 
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Grindley, H. S. and Woods, H. S., J. Biol. Chem. 2, 309 (1906-07). Methods 
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Colorimetric determination of creatine and creatinine in meat extracts Uses 
picric acid and NaOH. 

Emmett, A. D. and Grindley, H. S., J. Biol. Chem. 3, 491 (1907). Eurther 
Studies on the application of Folin’s creatine and creatinine method to meals 
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Hehner a, Pharm J. 78, 683 (1907). Errors resulting from varied quantities 
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Meilanby, E. J Physiol. 38, 447 (1908). Errors resulting from varied ten,- 
peratures in Folin s (Jaffe) creatinine estimation. 
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creatinine by Folin’s methods. 
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Colorimetric estimation of sugar, creatine, and creatinine in urine. 
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Myers modification of the Folin method. 
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Chestnut, R. K., Proc.’ Am. .Soc. Biol. Chem., J. Biol, Chem. 17, xli (1914). 
Creatine- and crcatininc-frcc foods. Uses Folin’s colorimetric method 
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for creatinine. Compared methods of Benedict, and Benedict and JMyer^^ 
for creatine. 
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mate standard with standard creatinine solutions. 
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Folin, 0., J. Biol. Chem. 17, 475 (1914). Use picric acid and NaOH. 
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method. 
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nine by Folin’s method. 
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elimination in pancreatic diabetes. Creatinine by Folin method. 

Rose, W. C., Dimmitt, F. W. and Cheatham, P. N., J. Biol. Chem, 26, 339 
(1916). Protein feeding and creatine elimination in fasting man. Original 
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McCrudden, F. H. and Sargent, C. S., J. Biol. Chem. 26, 527 (1916). The 
influence of the color from the sodium picrate in the determination of creat- 
inine in blood and urine. ’ 

Underhill, F. P. and Bogert, L. J., J. Biol. Chem. 27, 161 (1916). Altera- 
tions in the output of certain urinary constituents as determined by changes 
in the character of the diet. Creatinine by Folin’s method. 
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Hunter, A. and Campbell, W. R., J. Biol. Chem. 28, 335 (1916-17), A 
hitherto neglected factor affecting the determination of minule quantities 
of creatinine. Action of light. 

Folin, 0. and Doisy, E. A., J. Biol. Chem. 28, 349 (1916-17). Impure picric 
acid as a source of error in creatine and creatinine determinations. 

Lyman, J. F. and Trimby, J. C., J. Biol. Chem. 29, 1 (1917). The excretion 
of creatine and creatinine parentcrally introduced. Creatinine by Folin 's 
method. 

Geret, L., Z. Nahr. Genussm. 33, 35 (1917); J. Chem. Soc. 112, ii, 225 (1917). 

Uses a modification of the picric acid method of Baur and Trumi)ler. 

Chertkov, T., Rev. mcd. suissc romande 37, 748 (1917); from Physiol. Abstr. 

3, 247 (1918); J. Chem. Soc. 114, ii, 380 (1918). Determination of creatinine 
in blood. Protein precipitated by tricholoracetic acid, and NaOIl and picric 
acid added to the filtrate. 

Gettler, a. 0. with Oppenheimer, R., J. Biol. Chem. 29, 47 (1917), Factors 
involving the accuracy of creatinine determinations in human blood. 

Wilson, D. W. and Plass, E. D., J. Biol. Chem. 29, 413 (1917). Creatine and 
creatinine in whole blood and plasma. Claim I'olin s method unsatisfactory 
with whole blood. Suggest procedure. 

Neuwirth, I., J. Biol. Chem. 29, 477 (1917). The hourly elimination of cer- 
tain urinary constituents during brief fasts. Creatinine by folin s method. 
Kuttner, T., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 29, xii (1917). A 
modification of Folin’s method for the estimation of creatinine in blood. 
Folin, 0., Doisy, E. A., Bell, R., and Denis, W., Proc. Am. Soc. Biol. Chem., 
J. Biol. Chem. 29, xxxvi (1917). Demonstrations bearing on colorimetric 
creatinine and nitrogen determinations. Title only. 

Denis, W. and Kramer, J. G., J. Biol, Chem. 30, 189 (1917). The influence 
of protein intake on creatine excretion in children. Creatinine and creatine 
by Folin’s micro methods. 

Rose, M. S., J. Biol. Chem. 32, 1 (1917). Creatinine by Folin’s method. 
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and creatine in blood and plasma by Folin s methods. 

Greenwald, I. and McGuire, G., J. Biol. Chem. 34, 103 (1918). The estima- 
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errors. . . 
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Lewis, H. B. and Doisv, E. A., J. Biol. Chem. 36, 1 (1918). Creatinine by 

Folin’s method. ... 

Denis, W. and Minot, A. S., J. Biol. Chem. 37, 245 (1919). Creatinine and 

creatine by Folin’s method. 

Falk, K. G., Baumann, E. J. and McGuire, Grace, J. Biol. Chem. 37, 528 
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(1919). The chemical investigation of spoiled meat. Creatine plus 
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Folin, 0. and Wu, II., J. Biol. Chem. 38 , 81 (1919). A system of blood 
analysis. 

Gamble, J. L. and Goldschmidt, S., J. Biol. Chem. 40, 199 (1919). Creatinine 
and creatine by Folin’s method. 
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feeding and purine metabolism. Creatinine by Folin’s method. 

Theis, R. C. and Bagg, H. J., J. Biol. Chem. 41, 525 (1920). 

Underhill, F. P. and Simpson, G. E., J. Biol. Chem. 44, 69 (1920). Creatinine 
by Folin’s method. 

Goeckel, H. j., j. Lab. Clin. Med. 6, 338 (1920-21). The routine determina- 
tion of creatinine and acetone in urine. Uses Na nitroprusside, NaOfl and 
glacial HAc. 

Wang, C. C. and Dentler, M. L., J. Biol. Chem. 46, 237 (1920-21). Creatinine 
and creatine in the blood. Folin-Wu methods. 

Karr, W. G., with the cooperation of Tolstoi, E., J. Biol. Chem. 46, 28‘) 
(1920-21). Creatinine by Folin’s method. 

Albrecht, P. G., J. Biol. Chem. 46, 395 (1920-21). Chemical study of several 
marine mollusks of the Pacific coast. Creatinine and creatine by Folin’s 
method. 

Read, B. E,, J. Biol. Chem. 46, 281 (1921). The metabolism of the eunuch. 
Preformed creatinine l)y Folin’s colorimetric method. 

Blau, N. F., J. Biol. Chem. 48, 105 (1921). The estimation of creatinine in 
the presence of acetone and diacetic acid. Finds these interfere. 

Hammett, F. S., J. Biol. Chem. 48, 127 (1921). Creatinine and creatine in 
muscle extracts. A comparison of the picric acid and the tungstic acid 
methods of deprotcinization. 

Underhill, F, P. and Long, M. L., J. Biol. Chem. 48, 537 (1921). Creatinine 
by Folin’s and Benedict’s methods. 

Wilder, R. M., Boothby, W. M. and Beeler, C., J. Biol. Chem. 61, 311 
(1922). 

Studies of the metabolism of diabetes. Folin’s method for creatinine. 

Behre, j. a. and Benedict, S. R., J. Biol. Chem. 62, 11 (1922). On the ques- 
tion of the occurrence of creatinine and creatine in blood. 

Benedict, S. R., J. Biol, Chem, 64, 239 (1922). A method for the purification 
of picric acid for creatinine determinations. Crystallizes from benzene. 

Pfizenmaier, K. and Galanos, S., Z. Nahr. Genussm. 44, 29 (1922); 
J. Soc. Chem. Ind. 41, 784A (1922). 

Denis, W., J. Biol. Chem. 64, 693 (1922). The non-protein organic constitu- 
ents in the blood of marine fish. Non-protein nitrogen, urea, creatinine and 
glucose by Folin-Wu method, uric acid Benedict’s, etc. 

Lewis, H, B, and Corley, R. C., J. BioL'Chem. 66, 373 (1923). Creatinine by 
Folin’s method. 

Edgar. G., J. Biol. Chem. 66, 1 (1923); J. Soc. Chem. Ind. 42 , 741 A (1923). 
Preparation and comparison of standards for the estimation of creatine and 
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creatinine. Creatinine zinc chloride and creatinine picrate are considered to 
be the most suitable since they are readily obtained pure. 

Wilson, D. W., J. Biol. Chem. 66, 215 (1923). Creatine and creatinine by 
Folin’s method. 

Benedict, S. R. and Osterberg, E., J. Biol. Chcm. 66, 229 (1923). Creatinine 
by Folin’s method, using bichromate as standard. Creatine converted to 
creatinine and determined colorimctrically. 

Haden, R. L., j. Biol. Chem. 66, 469 (1923). A modification of the Folin-Wu 
method for making protein-free blood filtrates. Non-protein nitrogen, sugar 
and creatinine by Folin-Wu method. 

Harding, V. J. and Gaebler, 0. H., J. Biol. Chem. 67, 25 (1923). The influ- 
ence of the positive nitrogen balance upon creatinuria during growth. Folia’s 
method for creatine and creatinine. 

SjOLLEMA, B., J. Biol. Chem. 67, 255 (1923). 

McLaughlin, L. and Blunt, K., J. Biol. Chem. 68, 285 (1923-24). Some 
observations on the creatinine excretion of women. Folin’s method for 
creatinine. 

Greenwald, I. and Gross, J., J. Biol. Chem. 59, 601 (1924). Chemistry of 
Jaffa’s reaction for creatinine. The red color due to a red tautomeride of 
creatinine picrate. 

Newcomb, C., Biochem. J. 18, 291 (1924); J. Soc. Chem. Ind. 43, B53S (1924). 
Error due to impure picric acid in creatinine estimations. Must make a 
correction for the impurity which produces a red color with alkali. 

Csonka, F. a., j. Biol. Chem. 60, 545 (1924). Creatinine by Folin’s method. 
West, R. and Benedict, E. M., J. Biol. Chem. 66, 139 (1925). Creatine and 
creatinine by Folin’s method. 

Lewis, H. B., with the cooperation of Updegraff, H., J, Biol. Chem. 66, 187 
(1925). Creatinine by Folin’s method. 

Haden, R. L. and Orr, T. G., J. Biol. Chem. 66, 479 (1925). Chemical findings 
in the blood of the normal dog. Non-protein N, sugar and creatinine by Folin- 
Wu method. Amino-acid N by Folin’s method. 

Greenwald, L, J. Am. Chem. Soc. 47, 1443 (1925). The chemistry of Jaffa’s 
reaction for creatinine. II. The effect of substitution in the creatinine 
molecule and a possible formula for the red tautomer. 

Morgan, A. F. and Osburn, D. F., J. Biol. Chem. 66, 573 (1925). The effect 
of vitamin A deficiency upon the character of nitrogen metabolism. Creati- 
nine by Folin method. 

Chaney, M. S. and Blunt, K., J. Biol. Chem. 66, G29 (1925). The effect of 
orange juice on the calcium, phosphorus, magnesium, and nitrogen retention 
and urinary organic acids of growing children. Creatinine and creatine by 
Folin’s method. 

Rose, M. S. and MacLeod, Grace, J. Biol. Chem. 66, 847 (1925). 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 ed., P. Blak- 
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pp. 375-377; in urine pp. 732-734. 

Mueller, W., Mitt. Lebensm. Hyg. 17, 45 (1926); C. A. 20, 2375 (1926). The 
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method of Sudendorf and Lahrmann (C. A. 9, 1948). 

Rose, W. C., Helmer, 0. M., and Chanutin, A., J. Biol. Chem. 76 , 543 
(1927). A modified method for total creatinine in small amounts of 
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Cresol. 

Schneider, Rep. Soc. Germ. Nat. and Phys., Sept., 1895, 

Chapin, R. M., J. Biol. Chem, 47, 309 (1921), Estimation of cresol lyy the 
phenol reagent of Folin and Denis, Method has the disadvantage that dif- 
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phenols. 

Cyanates. 

Bailey, K. C. and Bailey, D. F. H,, Proc. Roy. Irish Acad. 37 (B), 1 (1924); 
J. Chem. Soc. 128, ii, 447 (1925); C. A. 19, 946; J. Soc. Chem. Ind. 44, 11312 
(1925). Colorimetric determination of thiocyanates and cyanates. 

Cyanide. 

Durien, E., jahresber. Pharm. 1902, 439. Based upon the formation of a 
cherry-red colored alkaline isopurpurate by the interaction of alkali cyanides 
and picric acid. 

Runne, H., Apoth. Ztg. 24, 288, 297, 306, 314, 325. .344, 356; C. A. 3, 2611 
(1909). HCN in bitter almond water. Makes a cril ical study of all methods. 
Shows the colorimetric method of E. Durien (Jahresber. Pharm. 1902, 4.39) 
to be accurate to within 1 per cent. 

Lockemann, G., Bcr. 43, 2127 (1910); J. Chem. Soc. 98, ii, 807 (1910). Uses 
Prussian blue method and also the thiocyanate test, the CN being convened 
into CNS. 

Bkrl, E. and Dklpy, M., Ber. 43, 1430 (1910); J. Soc. Chem. Ind. 29, 81.3 
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Waller, A. D., Proc. physiol Soc. 67-69 (1910); Proc. Roy. Soc. (B), 82, 574 
(1910); J. Physiol. 40; Analyst 36, 406 (1910); Z. anal. Chem. 60, 205 
(1911). Estimation of HCN in blood and tissues after death. Uses picric 
acid method. 

Chapman, A. C., Analyst 36, 469 (1910); C. A. 6 , 1040 (1911); J. Soc. Chem. 
Ind. 29, 1413 (1910); Z. anal. Chem. 61, 513 (1912). Method based on the 
dark-red coloration produced by HCN in alkaline solution of picric acid. 
Not reliable and very limited in application. 

Lander, G. D. and Walden, A. E., Analyst 36, 266 (1911); C. A. 6 , 3212 
(1911). The detection of traces of hydfogen cyanide. Prussian blue method : 
For HCN less than 0.042 g. per cc. O.O 4 I g. HCN recognized with certainty 
and definite positive results are obtainable with 0.062 g. Picric acid method: 
Good for quantitative estimation when reducing agents for picric acid arc 
shown to be absent. 
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Francis, C. K. and Connell, W. B., J. Am. Chcm. Soc. 36, 1624 (1913); 
J. Chem. Soc. 104, i, 1284 (1913). The colorimelric method for determining 
hydrocyanic acid in plants with special reference to Kafir corn. Convert 
CN into CNS by means of K2S or (NH4)2S and add HCl and FeCl,. 

Furlong, J. R., Analyst 39, 430 (1914). The estimation of hydrocyanic acid 
in feeding-stuffs, and its occurrence in millet and Guinea corn. Converts 
the HCN into Prussian blue and adds glycerol. 

Lavialle, P. and Varenne, L., J. pharm. chim. [7], 12, 74 (1915); Z. anal. 
Chem. 66, 128 (1917). Converts CN into CNS bv means of (NHdaS and 
adds HCl and FeCU. 

ViEiiOEVER, A. and Johns, C. 0., J. Am. Chem. Soc. 37, 601 (1915); Am. J. 
Pharm. 87, No. 6 (1915); J. Soc. Chem. Ind. 34, 351 (1915); Z. anal. Chem. 
66, 283 (1916). Use Prussian blue method. 

Johnson, M. 0., J. Am. Chem. Soc. 38, 1230 (1916); C. A. 10, 1736 (1916). 
Converts CN to CNS and adds FeCL. 

Willaman, j. j., j. Biol. Chem. 29, 25 (1917). The estimation of hydrocyanic 
acid and the probable form in which it occurs in sorghum vulgare. Prus- 
sian blue method of Viehoever and Johns, J. Am. (diem. Soc. 37, 601 (1914). 

Kolthofe, I. M., Z. anal. Chem. 67, 1 (1918). On the test and determination 
of small amounts of hydrogen cyanide. Makes a study of the various colori- 
metric methods for HCN. 

Snell, F. D., Colorimetric Analysis, p. 141, D. Van Nostrand Co., New York, 
1921. Determination of cyanide by changing to thiocyanate and adding 
FeCL. 

Kolthofe, I. M., Z. anal. Chem. 63, 188 (1924); ('. A. 18, 644 (1924); J. Chem. 
Soc. 126, ii, 75 (1924); Analyst 49, 41 (1924); J. Soc. Chem. ind. 43, Bl4 
(1924). The detection and colorimetric determination of cyanide as thio- 
cyanate. Uses Na2S.iO«, NH4OH, acidities with IUSO4 and adds FeCl.i. 

S4O6-- + CN- + 2NII3 CNS- + SA” + SOr- + 2NII., 

3CNS ' 4- Fe ' ' '' -4 Fc(CNS).3. 1 mg. ('N per liter can be detected. 

Wastenson, H., Svensk Farm. Tids. 29, 109 (1925). “A drop of picric acid 
soln. (1 ; 250) added to 2 cc. iodide soln. and warmed will give a red color if 
0.04 per cent HCN is present. The color is very pronounced if 0.1 per cent 
or more HCN is present. NH4 salts interfere.” A. R, Rose, C. A. 19, 1674 
(1925). 

Cysteine. 

Sullivan, M. X., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 63, xi (1925). 
d-Naphthoquinone-4-sodium sulfonate in the presence of alkali and a reducing 
agent such as NajSOs can be used to determine cysteine quantitatively in the 
presence of other amino acids and sulfydryl compounds. 

Cystine. 

Folin, 0. and Looney, J. M., J. Biol. Chem. 61, 421 (1922); C. A. 16, 1790 
(1922). Colorimetric methods for the separate determination of tyrosine, 
tryptophane, and cystine in proteins. 
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Herzfeld, E., Schweiz, med. Wochschr. 52, 411; Chem. Zentr. 1922, iv, 

J. Chem. Soc. 124, ii, 196 (1923); C. A. 17, 1813 (1923); Physiol. Abstracts? 
212 (1923) ’ 

Looney, J. M., J. Biol. Chem. 54, 171 (1922); C. A. 17, 115 (1923); Analyst 
48, 82 (1923). The colorimetric estimation of cystine in urine. Uses j)hos- 
photungstic acid in presence of sodium sulfite. Deep blue color formed. 

Jones, D. B. and Gersdorff, C. E. F., J. Biol. Chem. 66 , 79 (1923). Folia 
and Looney method for cystine. 

Jones, D. B., Gersdorff, C. E. F. and Moeller, 0., J. Biol. Chem. 62, 1 x 3 
(1924-25). The tryptophane and cystine content of various proleins, 
Cystine by Folin-Looncy method. 

. Peterson, W. H., Fred, E. B. and Domogalla, B. P., J. Biol. Chem. 63, 2 S 7 
(1925). The occurrence of amino acids and other organic nitrogen compounds 
in lake water. Cystine by Folin-Looney method. 

Sumner, J. B. and Graham, V. A., J. Biol. Chem. 64, 257 (1925). Used 
methods of Folin and Looney. 

Jones, D. B., Moeller, 0. and Gersdorff, C. E. F., J. Biol. Chem. 66, 5') 
(1925). Cystine and tyrosine by methods of Folin and Looney. 

Lewis, H. B., with the cooperation of Updegraff, FL, J. Biol. Chem. 66, 187 
(1925). Cystine by Looney’s method. 

Lewis, H. B. and Wilson, R. H., J. Biol. Chem. 69, 126 (1926). The deter- 
mination of cystine in the urine. Use Looney’s method. Compare several 
methods. 

Looney, J. M., J. Biol. Chem. 69, 519 (1926). The colorimetric estimation of 
tyrosine, tryptophane, and cystine in proteins. 

Hunter, G. and Eagles, B. A., J. Biol. Chem. 72, 177 (1927); C. A. 21, 1826 
(1927). 

Dextrine. 

Rivat, G., Chcm.-Ztg. 34, 1141; C. A. 6 , 257 (1911). New methods of investi- 
gations of the colors developed by iodine in the presence of dextrine. Starch 
solutions containing dextrine take up iodine before giving the characteristic 
blue starch-iodide coloration. The amounts of dextrine present in starches 
or other substances may be compared by measuring the amount of a dilute 
I solution ( 0.12 mg. I per cc.) required to produce the same coloration in 
a given quantity of the samples. 

Dextrose. (See also Carbohydrate and Sugar) 

Autenrieth, W. and Tesdorpf, T., Miinch. med. Wochschr. 67, 1780 (1910); 
C. A. 4, 2950 (1910). The colorimetric estimation of dextrose in the urine. 
Boil 10 cc. dil. urine with 50 cc. of Bang’s Cu solution, cool rapidly to room 
temperature, transfer to a volumetric IJask and dilute to the mark with KCNS 
or saturated K 2 CO 3 solution. This solution gave a reading of 84 on the 
colorimeter scale which corresponded to 43 mg. of dextrose per cubic centi- 
meter of urine (or 4.3 per cent dextrose). 

Forschbach and Severin, Arch, cxptl. Path. Pharmakol. 68 , 341 (1912); C. A. 
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6, 2764 (1912); J. Chem. Soc. 102, ii, 697 (1912). The colorimetric deter- 
mination of dextrose in smallest amounts of blood. 

Ross, E. L. and McGuigan, H., J. Biol. Chem. 22, 407 (1915). The dextrose 
and diastase content of the blood as affected by ether anesthesia of animals 
fed on different diets. Benedict colorimetric method for dextrose. 

Addis, T. and Shevky, A. E., Proc. Soc. Exptl. Biol. Med. 16, 79 (1918); J. 
Chem. Soc. 114, ii, 247 (1918); C. A. 13, 2688 (1919). Sources of error in the 
estimation of dextrose by the colorimetric picrate method. The reddish- 
brown color produced by heating dextrose, picric acid, and sodium carbonate 
varies with the temperature, duration of heating, and amount of carbonate 
present. 

Ross, E. L., J. Biol. Chem. 34, 335 (1918). Blood dextrose as affected by mor- 
phine and morphine with ether anesthesia. Blood dextrose by Myers- 
Bailey modification [J. Biol. Chem. 24, 147 (1916)] of Lewis-Benedict method. 

Addis, T. and Shevky, A. E., J. Biol. Chem. 36, 43 (1918). The rate of color 
production in alkaline solutions of dextrose and picrate. Find there is no 
direct proportion between the amount of color produced and the amount 
of dextrose present. 


Diastase. 

Cohen, I. and Dodds, E. C., Brit. Med. J. 1924, 1, 618; J. Chem. Soc. 126, ii, 
636 (1924). Colorimetric determination of diastase in body fluids. 

Dihydroxyacetone. 

Campbell, W. R., J. Biol. Chem. 67, 59 (1926). 

Dinitrosalicylic Acid. 

Sumner, J. B. and Hubbard, R. S., with the technical assistance of Finner, 
L. L., J. Biol. Chem. 66, 701 (1923). Use FeCL. 


Dye. 

Wrede, H., Chem.-Ztg. 33, 970; C. A. 4, 1811 (1910). Colorimetric process 
for determining the receptivity of fibers for dyes. A sample corresponding 
to 25 g. of dry material is kneaded, made into a paste with 500 cc. of water, 
■ and transferred to a liter volumetric flask. Add 200 cc. of 1 per cent solution, 
dilute to the mark, thoroughly mix, let stand 1 hour, and determine color- 
imetrically the amount of dye in the filtrate. 

Snell, F. D., Colorimetric Analysis, p. 145, D. Van Nostrand Co., New York, 


1921. Determination of the color of dyes. 

Yoe, j. H. and Edgar, G., J. Phys. Chem. 27, 65 (1923); C. A. 17, 1480 (1923). 
The reduction of an indanthrene dye by means of sodium hyposulfite. Ponsol 
yeUow G (an indanthrene dye) is reduced in an atmosphere of hydrogen by 
NaOH and Na2S204 and the solution (blue) matched against standardized 
cobalt blue glasses in a Kennicott-Campbell-Hurley colorimeter. 

Yoe, j. H., J. Phys. Chem. 28, 1211 (1924); C. A. 19, 1199 (1925). The reduc- 
tion of certain vat dyes by means of alkaline sodium hyposulfite. Ponsol 
Blue G, and R, Dark Blue BR, and Violet RR are reduced in an atmosphere 
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of hydrogen by NaOH and Na 2 S 204 and the solutions matched against 
standardized blue glasses in a Kennicott-Campbell-Hurley colorimeter. 

Egg Yolk. 

Palmer, L. S. and Kempster, H. L., J. Biol. Chem. 39, 299 (1919). Relation 
of plant carotinoids to growth, fecundity and reproduction of fowls. Color 
of egg yolks measured with Lovibond tintometer. 

Palmer, L. S. and Kempster, H. L., J. Biol. Chem. 39, 331 (1919). The 
influence of specific feeds and certain pigments on the color of the egg yolk 
and body fat of fowls. Use Lovibond tintometer to measure color of the 
egg yolk. 

Enols. 

Knork, L. and Schubert, II., Ber. 44, 2772 (1911). On a colorimetric 
method for the quantitative determination of ends in allotropic mixtures. 

Enzymes. 

Roaf, II. E., Biochem. J. 3, 188 (1909); C. A. 3, 1644 (1909). A new colori- 
metric method to show the activity of either peptic or freppic enzymes. 

Epinephrine. (See Adrenaline) 

Errors. 

Emmet, A. D. and Grindley, II. S., J. Biol. Chem. 2, 309 (1906); 3, 491 (1907). 
Errors resulting from varied quantities of NaOH in Folin’s ccatinine esti- 
mation. 

Chapman, A. C., Analyst 34, 475 (1909); Chem. News 100, 175 (1909); Brit. 
Med. J., Dec. 12, 1908. Errors resulting from varied temperatures in Jatle’s 
creatinine estimation. A temperature of 20° recommended by C. 

Stanford, R. V., Z. Physiol. Chem. 87, 159 (1913); J. Chem. Soc. 104, ii, 8.16 
(1913). A dilution colorimeter and the error of colorimetric comparison. 

Long, J. H., J. Am. Chem. Soc. 38, 716 (1916). Possible source of error in 
colorimetric observations. Discusses the mechanical errors of the colorim- 
eter. 

Hunter, A. and Campbell. W. R., J. Biol. Chem. 28, 335 (1916). Errors in 
Folin’s creatinine estimation resulting from the action of light. 

Dehn, W. M., j. Am. Chem. Soc. 39, 1392 (1917). Discusses the physical and 
chemical sources of error, illustrating his remarks by reference to P'olin’s 
creatinine estimation. 

Cristol, P., Bull. soc. sci. med. Montpellier 9, 456 (1924); Physiol. Abstracts 9, 
465; C. A, 19 (1925). Errors in colorimetric methods of estimation of uric 
acid and phenols in urine. 

ScHLEGEL, J. W. and Steuber, A. H., Ind. Eng. Chem. 19, 631 (1927); C. A. 
21 , 2109 (1927). Some sources of orror in the colorimetric determination 
of pH values. 

Yoe, j. H., j. Lab. Clin. Med. 13, 139 (1927). A general discussion on colorim- 
etry. The following topics are treated: (1) methods of matching color, (2) 
requirements, (3) accuracy, (4) speed, (5) limits of application, and (6) errors. 
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Ethyl Nitrite. 

Cowley, R. C. and Catford, J. P., Pharm. J. 63, 471 (1899). Use w-phenyl- 
ene-diaminc. 


Fat. 

Bing, K. I. and Heckscher, H., Biochcm. Z. 149, 79, 83, 90 (1924). 

Fluorine. 

Petersen, T., Z. anal. Chcm. 36, 585 (1806). Method is based on the turbidity 
caused by distilling HF into a solution of a calcium salt. 

Steiger, G., J. Am. Chem. Soc. 30, 219 (1908). Makes use of the fact that 
fluorides bleach the coloration produced by IIoO: and Ti. Since this is not 
a linear function, reference is made to a curve. 

Merwin, H. E., Am. J. Sci. 28, 119 (1900); C. A. 3, 2919 (1909). H,Oo used. 
Color produced by Ti, and the bleaching effect of F, used to estimate Ti and 
F. respectively. Effects of free acid, alkali salts, and temperature given. 

Gautier, A. and Clausmann, P., Ann. fals. 6, 329; Compt. rend. 164, 1469 
(1912); C. A. 6, 2900 (1912). Method for the detection and determination 
of fluorine in waters, minerals, tissues, and foods. F precipitated as PbFj 
and Pb estimated colorimetrically, then F calculated. 

Gautier, A. and Clausmann, P., Compt. rend. 164, 1670 (1912); C. A. 6, 
2727 (1912); J. Chcm. Soc. 102, ii, 805 (1912); J. Soc. Chcm. Ind. 31, 703 
(1912); cf. Compt. rend. 164, 1469 and 1753. Detection and colorimetric 
determination of ver> small quantities of fluorine. A long procedure. V 
liberated by IliSOj as HF and IIsSiFe, and dissolved in fused KOI f. h precip- 
itated in conjunction with BaS04. Again treat with H -SOi using lead glass 
instead of fused KOII. PbF 2 formed. Pb precipitated as colloidal PbS by 
HjS. A little gelatin is added before precipitation. 

Snell, F. D., Colorimetric Analysis, p. 102, 1). Van Nostrand Co., New York, 
1921. Fluorine by estimation of its bleaching action on an oxidized titanium 
solution. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., pp. 220-222, 
D. Van Nostrand Co., New York, 1926, Uses method of Steiger [J. Am. 
Chem. Soc. 30, 219 (1908)] and Merwin [Am. J. Sci. [4], 28, 119 (1909)]. 

Furfural. 

De Chalmot, G., Am. Chcm. J. 15, 25 (1893). Uses ITAc, and 1 per cent 
solution of aniline in 95 per cent alcohol. Red color produced. 

Tolman, L. M., j. Am. Chem. Soc. 28, 1629 (1906). Uses aniline (colorless) 
and HCl. 

Fleury, P. and Poirot, G., J. pharm. chim. 26, 87 (1922); Bull. soc. chim. 
biol.-4, 252 (1922); C. A. 16, 4159 (1922); Analyst 47, 448 (1922); J. Soc. 
Chem. Ind. 41, 685A (1922). Usc^an acetic acid solution of orcinol and con- 
centrated HCl containing small amount of Fe( b. 

Youngburg, G. E., and Pucker, G. W., J. Biol. Chem. 61, 741 (1924). Use 
aniline and HAc. Red color formed. Detects 0.00001 per cent. Quantita- 
tive for 0.00004 per cent. 
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Gland. 

Hale, W. and Seidel, A., Am. J. Pharm. 83, 551; C. A. 6, 528 (1912). Colori. 
metric and physiological estimation of the active principle of the supr^, 
renal gland. 

Glucose. 

Heller, Z. anal. Chem. 28, 650 (1889); Deut. med. Wochschr..l888, 451; cf. 

Dehn and Hartman, J. Am. Chem. Soc. 36, 403 (1914). 

Neitzel, E., Chem.-Ztg. 18, 1, 290 (1894); Z. Riibenzucker-ind. 1894, 221. 

Uses a modification of Molisch reagent (Monat.sh. 7, 198). 

Ruini, G., Gazz. chim. ital. 31, 445 (1901). 

Lyons, A. B., Pharm. Rev. 20, 155 (1902). Notes on the phenylhydrazine test 
for sugar (glucose). 

Autenrieth, W. and Funk, A., Miinch. med. Wochschr. 69, 689; C, A. 6, 2088 
(1912). The colorimetric method for determining glucose and indicaii in 
urine, as also the iron in the blood. 

Dubruneaut, cf. W. M. Dehn and F. A. Hartman, J. Am. Chem. Soc. 36, 405 
(1914). Devised a method for estimating glucose by comparing the color 
obtained by treating sugar solutions with alkali. 

Taylor, A. E. and Hulton, F., J. Biol. Chem. 22, 63 (1915). On the estimation 
of non-protein nitrogen and glucose in finger blood. A modification of the 
Folin method. 

Hendrix, B. M. and Sweet, J. E., J. Biol. Chem. 32, 299 (1917). Glucose hy 
method of Lewis and Benedict, J. Biol. Chem. 20, 61 (1915). 

McCrudden, F. II. and Sargent, C. S., J. Biol. Chem. 33, 387 (1918). ( mii- 
parison of glucose and cholesterol content of the blood. Glucose by Lewis 
and Benedict method. 

Isaacson, V. L, J. Lab. Clin. Med. 3, 289 (1918); J. Chem. Soc. 114, ii, 246 
(1918); C. A. 12, 1301 (1918). Colorimetric estimation of glucose in urine. 
Uses CuSOi method. Unreduced copper sulfate is estimated by adding 
ammonia and comparing the resulting blue solution with a standard. 
Kleiner, I. S., J. Biol. Chem. 40, 153 (1920). Glucose by Pavy or Benedict 
method, J. Biol. Chem. 9, 57 (1911). 

Neau, a., M. D. Thesis, Alontpcllicr, 1920, 38; Physiol. Abstracts 5, 245 (1921); 
C. A. 16, 2290 (1921). Compares the picro-picramic method of Lewis and 
Benedict with the cupro-molybdic method of Folin and Wu. 

Denis, W., J. Biol. Chem. 64, 693 (1922). The non-protein organic constitu- 
ents in the blood of marine fish. Non-protein nitrogen, urea, creatinine and 
glucose by Folin-Wu method, uric acid by Benedict’s, etc. 

Richardson, H. B. and Mason, E. H., J. Biol. Chem. 27, 587 (1923). Glucose 
by Benedict’s method. 

Updegraff, H. and Lewis, H. B., J. Biol, Chem. 61, 633 (1924). A quantita- 
tive study of some organic constituents of the saliva. Nitrogen and glucose 
by Folin-Wu method. Uric acid by Benedict’s method. 

Morgulis, S. and Barkus, 0., J. Biol Chem. 66 , 1 (1925). Glucose by ShafTcr- 
Hartman method. 
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Milroy, J. a., Biochem. J. 19, 746 (1925). A method for the estimation of 
glucose in blood. The method is based on the fact that nitro-anthraquinone 
sulphonates are reduced, when heated with glucose in alkaline solution, first 
to the corresponding hydroxylaminc derivatives having an intense green 
color [Wacker, Ber. 35, 666 (1902)] and later to a deep red substance, which 
is probably an amine derivative. The results obtained by this method arc 
usually about 0.01 per cent higher than those by the Folin and Wu method. 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 ed., 
P. Blakiston’s Son and Co., Philadelphia, 1926. Determination of glucose in 
blood, pp. 381-388; in urine, p. 751. 

Glutamic Acid. 

Riffart, H., Biochem. Z. 131, 87 (1922). 

Glutathione. 

Hunter, G. and Eagles, B. A., J. Biol. Chem. 72, 177 (1927); C. A. 21, 1826 
(1927). 

Glycerin. 

Bordas, F. and Raczkowski, S. de, Compt. rend. 123, 1071 (1896); Z. anal. 
Chem. 38, 258 (1899). 

Glycogen. 

Tiiieulin, R., j. pharm. chim. 21, 91 (1920); J. Chem. Soc. 118, ii, 338 (1920); 
C. A. 14, 2006 (1920). Uses KI I solution. Reddish-brown coloration 
obtained. 

Gold. 

SONSTADT, E., Chem. News 26, 159 (1872). On the presence of gold in .sea- 
water. Uses SnCU. 

Carnot, A., Compt. rend. 97, 105, 169 (1883); J. ('hem. Soc. 46, 115 (1884). 
Uses H3ASO4, FeCla, and HCl and adds Zn. 

Rose, T. K., Chem. News 66, 271 (1892). Detection of gold in dilute solutions. 
Uses SnCU. 

Carnot, Berg- und Hiittenmann Z. 56, 215 (1896); J. Soc. C'hcm. Ind. 16, 674 
(1896). Uses H3ASO4, FeCU, HCl and Zn. 

Moir, j, Chem. Met. Mining Soc. South Africa, Sept., 1903. Method is based 
upon formation of purple of Cassius. 

Cassel, H. R., Eng. Mining J. 76, 661 (1903). Gold by decomposition of the 
cyanide by (1) KBrOs and cone. II2SO4, (2) KBr, NaiOj or K2O2, and H2SO4, 
or (3) successive additions of strong. NIUOH and cone. H2SO4. SnCb 
finally added. 

Prister, a., j. Chem. Met. Mining Soc. South Africa, 4, 235, 455; J. Soc. 
Chem. Ind. 23, 207, 912 (1904). Usles SnCU. 

Maxson, R. N., Z. anorg. Chem. 49, 172 (1906); Am. J. Sci. 21, 270; Chem. 
News 94, 257 (1906); J. Soc. Chem. Ind. 26, 562 (1906). Match the red 
colloidal solution formed when acetylene (aq. solution) is added to a solution 
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of gold chloride. Determinations made with solutions containing O .00004 
to 0.0008 g. Au. Maximum error 0.00006 g. 

Pozzi-Escot, E., Ann. chim. anal. 12, 90 (1907); J. Chem. Soc. 92, ii, 40, 
(1907); J. Soc. Chem. Ind. 26, 645 (1907). Uses formic acid and phenyl- 
hydrazine hydrochloride. Bluish-violet color by transmitted light. 
Bettel, W., Mining Eng. World 33, 102; C. A. 6, 651 (1911). Estimating 
gold in cyanide solution. Uses a Zn-Cu couple to precipitate the Au. The 
couple is prepared by adding to the Au solution a measured quantity of strong 
cyanide solution containing some CuCN, and Zn. The extra cyanide keeps 
ferrocyanide, etc., in solution. The solution is then heated, with stirring to 
keep the Zn-Cu couple in suspension, till the Au is precipitated and the proc- 
ess completed in about the usual way. 

Bettel, W. Mining Eng. World 36, 987; C. A. 6, 842 (1912); cf. C. A. 6, C5i 
Colorimetric estimation of gold in cyanide solutions. 

SiEMSSEN, J. A., Chem.-Ztg. 36, 934 (1912). Uses metaphenylcnediaminc. 
Brodigan, C. B., Met. Chem. Emg. 12 , 460 (1914); C. A. 8 , 2990 ( 1914 ). 
Colorimetric estimation of gold in cyanide solutions. Uses Na('N 
rb(N03)2, Zn, and SnCU. Gets purple color. 

Pollard, W. B., Analyst 44, 94 (1919); J. Chem. Soc. 116, ii, 201 (1919); 
C. A. 13, 1194 (1919); Chem. News 118, 162 (1919). <7-ToIidinc as a colori- 
metric test for gold. 0.1 per cent r^-tolidine in 10 per cent HCl gives a bright 
yellow coloration with a solution containing 1 part Au per million. Color 
can just be detected as 1 part in 2 million. Ferric .salts, ruthenium, osmic 
acid, and vanadic acid also give a yellow coloration with the reagent; the 
following do not: Al, Sb, Ba, Bi, Cd, Ca, CT, Co, (iu (gives a green color), 
Ir, Pb, Mg, Hg, Mn, Ni, Pt, Rh, Na, Sr, Sn, U, Zn. Solution should be free 
from IINO 2 and reducing substances. 

Snell, F. D., Colorimetric Analysis, p. 89, D. Van Nostrand Co., New York, 
1921. Determination of gold by Dowsett’s method. 

Snell, F. D., ibid., p. 90, 1921. Determination of gold by Prister’s method. 

Snell, F. D., ibid., p. 91, 1921. Determination of gold by Doring’s method. 

Snell, F. D., ibid., p. 92, 1921. Determination of gold by Rose’s method. 

Snell, F. D., ibid., p. 93, 1921. Determination of gold by Cassel’s method. 

Snell, F. D.,ibid., p. 93, 1921. Determination of gold by decomposition of 
the cyanide by KBr and Na202. 

Snell, F. D., ibid., p. 94, 1921. Determination of gold by decomposition of 
the cyanide by ammonia. 

Snell, F. D., ibid., p. 94, 1921. Determination of gold by metaphenylenc- 
diamine. 

Muller, J. A. and Foix, A., Bull. soc. chim. [iv], 33, 717 (1922); J. Chem. Soc. 
122, ii, 662 (1922); Analyst 47, 452 (1922); J. Soc. Chem. Ind. 41, 73lA 
(1922). The estimation of small quantities of gold as colloidal gold by the 
colorimetric method. < 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., p. 233, D. 
Nostrand Co., New York, 1925. Uses (1) Prister’s method, (2) Cassel's 
method, (3) Moir’s method. 



BIBLIOGRAPHY 


C03 


Helianthin. 

Dehn, W. M., J. Am. Chem. Soc. 39, 1377 (1917). Colorimetric determination 
of the solubilities of helianthin and its salts. 

Hemoglobin. 

Hoppe-Seyler, F., Z. physiol. Chem. 16, 505 (1892); J. Chem. Soc. 62, 1264 
(1892). 

Zangemeister, W., Z. Biol. 33, 72 (1896). 

Haldane, J., J. Physiol. 26, 497 (1900-01). 

Samnely, F., Miinch. med. Wochschr. 67, 1545; C. A. 4, 2656 (1910). The 
application of the Autenricth-Koenigsberger colorimeter as a Kerno-globinom- 
eter. Describes the technique in detail for estimating the hemoglobin con- 
tent of the blood. Gives diagrams showing the per cent of hemoglobin 
from 10-100 with the corresponding readings. 

Palmer, W. W., J. Biol. Chem. 33, 119 (1918). Uses CO. Accuracy 1 per cent. 
Berczeller, L., Biochem. Z. 87, 23 (1918); J. Chem. Soc. 114, ii, 340; C. A. 

13, 28 (1919). The colorimetric estimation of hemoglobin as acid hematin. 
Appleton, V. B., J. Biol. Chem. 34, 369 (1918).' Determination of hemoglobin 
during infancy by the Palmer colorimetric and van Slyke gasonietric methods. 
Newcomer, II. S., J. Biol. Chem. 37, 465 (1919). 

Cohen, B. and Smith, A. IL, J. Biol. Chem. 39, 489 (1919). Use IICl. Accu- 
rate to 1 per cent or less. 

Kleiner, I. S., J. Biol. Chem. 40, 153 (1920). 

Robscheit, F. S., j. Biol. Chem. 41, 209 (1920). A comparative study of 
hemoglobin determination by various methods. 

McEllroy, W. S., j. Biol. Chem. 42, 297 (1920). A method for the determina- 
tion of methemoglobin and hemoglobin in bloo<l. Uses K 3 l‘c((.N)e. 

Terrill, E. H., J. Biol. Chem. 63, 179 (1922); C. A. 16, 3493 (1922). On 
the colorimetric determination of hemoglobin with especial reference to the 
production of stable standards. 

Newcomer, H. S., J. Biol. Chem. 66, 569 (1923). A new optical instrument for 
the determination of hemoglobin. 

Osgood, E. E., and Haskins, H. D., J. Biol. Chem. 67, 107 0^23). A new per- 
manent standard for estimation of hemoglobin by the acid hematin method. 
Ferric and chromic sulfates. 

Haskins, H. D., J. Biol. Chem. 67, 111 (1923). A new permanent standard 
for Sahli’s hemoglobinometer. Ferric and cobalt sulfates. 

Underhill, F. P. and Karelitz, S., Jr., J. Biol. Chem. 68, 147 (1923-24). Ihe 
influence of hydrazine upon blood concentration and blood sugar content. 
Use the Cohen and Smith method. 

Underhill, F. P. and Wilens, G., J. Biol. Chem. 68, 153 (1923-24). Use the 
Cohen and Smith method. 

Kammerer, H. and Schaulin, A.,' Munch, med. Wochschr. 71, 1271 (1924); 

C A 20 1250 (1926) Clinical colorimetric determination of hemoglobin. 
Okey, R. and Robb, E. I., J. Biol. Chem. 66, 165 (1925). Hemoglobin by Rob- 
scheit modification of the Cohen and Smith method. 
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Cullen, G. K, Keeler, H. R. and Robinson, II. W,, J. Biol. Chem. 66, 301 
(1925). 

Lebermann, F., Miinch. med. Wochschr. 72 , 982; Chem, Zentr. 1926 , 11, iioq; 
C. A. 20, 3470 (1926). The utility of the Buerkcr colorimeter, with special 
reference to the determination of hemoglobin. 

Kennedy, R. P., Am. J. Physiol. 78 , 56 (1926); C. A. 20 , 3475 (1926). Ihe 
use of light filters in colorimetry with a method for the estimation of hemo- 
globin. 

Heroine. 

Miller, R., Am. J. Pharm. 87 , 248 (1915); J. Chem. Soc. 108 , ii, 602 (1915). 
Estimation of small quantities of heroine. U.ses H.SO4 and HCHO. Yellow lo 
cherry-red color develops in 10 minutes. 

Muller, Riv. farm.; Giorn. farm. chim. 66, 227 (1917); C. A. 12, 1333 (lOis). 
Rapid method for determining small amounts of heroine. Uses dilute H 2 S 04 
and HCHO. 

Hexamethylenamine. 

Collins, R. J. and Hanzlik, P. J., J. Biol. Chem. 26 , 231 (1916). Use Congo 
red and methyl orange. 

Histamine. 

Koessler, K. K. and Hanke, M. T., Proc. Am. Soc. Biol. Chem., J. Biol. ('hem. 
41 , 1 (1920). Quantitative colorimetric determination of histidine and hista- 
mine in proteins and protein-containing matter. Based on method described 
inj. Biol. Chem. 10, 15 (1911-12). 

Hanke, M. T. and Koessler, K. K., J. Biol. Chem. 43 , 527, 543 (1920); C. A. 
14 , 3687 (1920). Colorimetric estimation of histamine in protein and protein- 
containing matter. 

Hanke, M. T. and Koessler, K. K., J. Biol. Chem. 69, 879 (1924). 

Histidine. 

Weiss, M., Chcm.-Ztg. 37 , 1245 (1913); Analyst 38 , 578 (1913). Method 
depends upon the formation of a red-colored substance when histidine com- 
bines with diazolized compounds. Reagents used: sulphanilic acid in HCl 
solution, 0.5 per cent NaN02 solutimb 10 per cent NaOH solution. 

Weiss, M. and Sabolev, N., Biochem. Z. 68 , 119 (1913); J. Chem. Soc. 106 , ii, 
155 (1914); Z. anal. Chem. 64 , 391 (1915). Use the Pauli diazo-reaction 
(diazobenzensulphonic acid). 

Koessler, K. K. and Hanke, M. T., Proc. Am. Soc. Biol. Chem., J. Biol. Chem 
41 , 1 (1920). Quantitative colorimetric dcterminatioi? of histidine and hista- 
mine in proteins and protein-containing matter. Based on method described 
in J. Biol. Chem. 10 , IS (1911-12). 

Koessler, K. K. and Hanke, M. T., J. fiiol. Chem. 69 , 835 (1924). 

Peterson, W. H., Fred, E. B. and Domogalla, B. P., J. Biol. Chem. 63, 287 
(1925). The occurrence of amino acids and other organic nitrogen com 
pounds in lake water. Histidine by Koessler-Hanke method. 
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Hanke, M. T., J. Biol. Chem. 66, 475 (1925). Histidine is precipitated as a 
silver complex and estimated colorimetrically. 

Hanke, M. T., J. Biol. Chem. 66, 489 (1925). The histidine and tyrosine con- 
tent of a number of proteins. Determinations on a number of proteins by 
method in J. Biol. Chem. 66, 475 (1925). 

HomogentisicAcid. 

Briggs, A. P., J. Biol. Chem. 61, 455 (1922); C. A. 16, 1791 (1922). A colori- 
metric method for the determination of homogenlisic acid in urine. 

Humic Matter. 

Eden, T., J. Agr. Sci. 14, 469 (1924); J. Chem. Soc. 126, ii. 796 (1924); Analyst 
49, 491 (1924). ('oloriniclric determination of humic matter in mineral soils. 

Humus. 

Alvay, E. j. and Pinckney, R. M., 25th .\nn. Ryst. Nebr. Abr. Exptr. Std. 2; 
C. A. 7, 195 (1913). The photometric and colorimetric determination of 
humus. 

Hydrochloric Acid. 

Kastle, j. H. and Amoss, H. L., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 3, 
xi (1907). A new reagent for the recognition and estimation of free hydro- 
chloric acid in gastric contents. Coloring matter of red cal)l)age. 

Delort, M. and Roeke, Compt. rend. soc. biol. 81, 646 (1918). Colorimetric 
scale for the quick evaluation of the free HCl of a given solution. 

SiiOHL, A. T. and King, J. H., Johns Hopkins Hosp. Bull. 31, 158 (1920). 

Hydrogen Ion. (Sec Clark: The Determination of Hydrogen Ions, for additional 
references prior to 1922.) 

McClendon, J. F., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 29, xxx (1917). 
New buffer mixtures, standard tubes, and colorimeter for determining the 
hydrogen ion concentration of sea water. Boric acid and NaCl. Ihymol- 
sulfophthalcin as indicator. 

Denis, W. and Minot, A. S., J. Biol. Chem. 37, 245 (1919). H-ion by method 
of Henderson and Palmer. 

Karr, W. G., with the cooperation of E. 'Iolstoi, J. Biol. Chem. 46, 289 (1920- 
21). Comparative metabolism of proteins of unlike composition. H-ion by 
Sorensen colorimeter method. 

Fiske, C. H., j. Biol. Chem. 49, 163 (1921). 

Clark, W. M., The Determination of Hydrogen Ions, 2nd ed., Williams & 
WUKins Co., Baltimore, 1922. This is the greatest work ever published on 
the determination of hydrogen ions. The hydrogen electrode, indicator, and 
supplementary methods are given in detail. Ihe treatise also contains 
a bibliography of about 2000 references on electrometric and colorimetric 
hydrogen ion determinations. Inc references are listed alphabetically by 
authors and also indexed according to application. To avoid unnecessary 
duplication no reference found in Clark's treatise has been included m the 
present bibliography. 
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Cullen, G. E., J. Biol. Chem. 62, 501 (1922). The colorimetric determination 
of the hydrogen ion concentration of blood plasma. Uses phenol red. 

Van Slyke, D. D., Austin, J. H. and Cullen, G. E., J. Biel. Chem. 63, 277 
(1922). Use phenol red for />H determination. 

Stehle, R. L., Bourne, W. and Barbour, H. G,, J. Biol. Chem. 63, 341 (1922). 
Effects of ether anesthesia alone or preceded by morphine upon the alkali 
metabolism of the dog. Hydrogen ion concentration colorimctrically by 
method of Dale and Evans. 

Medalia, L. S., j. Bact. 7 (1922). Further observations on the color 
standards for the colorimetric determination of H-ion concentration. 

Tisdall, lb S., J. Biol. Chem. 64, 35 (1922). pll by Cullen’s method. 

Starr, H. E., J. Biol. Chem. 64, 43 (1922). The determination of the hydrogen 
ion concentration of human mixed saliva. Dibromothymolsulfone- 
phthalein. 

McClendon, J. F., J. Biol. Chem. 64, 647 (1922). Chart for the conversion of 
colorimetric readings into hydrogen ion concentration. 

Chambers, W. IL, J. Biol. Chem. 66, 229 (1923). The hydrogen ion concen- 
tration of the blood in carcinoma. 1. From the colorimetric determination 
of the blood dialysate. 

Myers, V. C., Schmitz, H. W. and Booiier, L. E., J. Biol. Chem. 67, 209 
(1923). A micro colorimetric method of estimating the hydrogen ion con- 
centration of the blood. Adaptation of Cullen’s method. 

Kolthoef, I. M., Pharm. Weekblad 60, 949 (1923). Color determination of 
H-ion concentration by the methods of Michealis with onc-color indicators. 

Hawkins, J. A., J. Biol. Chem. 67, 493 (1923). A micro method for the deter- 
mination of the hydrogen ion concentration of whole blood. Modified Cul- 
len’s method. 

Cullen, G. E. and Robinson, H. W., J. Biol. Chem. 67, 533 (1923). The 
normal variations in plasma hydrogen ion concentration. Cullen’s colori- 
metric method. 

Felty, A. R. and Murray, H. A., Jr., J. Biol. Chem. 67, 573 (1923). Cullen’s 
new colorimetric method for hydrion, etc. 

McClendon, J. F., J. Biol. Chem. 69, 437 (1924). The determination of 
hydrogen ions in the gastric contents. 

Hunter, A. and Dauphinee, J. A., Proc. Roy. Soc. (London) 97, 209 (1924); 
Chem. Zentr, 872 (1925). Colorimetric />H change due to urease splitting 
of urea, and urea from arginase action on arginine. 

Austin, J. H. and Gram, H. C., J. Biol. Chem. 69, 535 (1924). />H by Cullen’s 
colorimetric method. 

Caldwell, M. L., J. Biol. Chem. 69, 661 (1924). A study of the influence of 
the new sulfur-containing amino acid (Mueller) on the activity of pancreatic 
amylase. Hydrogen ion concentration colorimetrically with Sorensen’s 
phosphate buffer mixture. ’ 

Salvesen, H. a., Hastings, A. B. and McIntosh, J. F., J. Biol. Chem. 60, 311 
(1924). Blood changes and clinical symptoms following oral administration 
of phosphates, pll by Cullen’s method. 
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Salvesen, H. a., Hastings, A. B., and McIntosh, J. F., J. Biol, Chcin. 60, 327 
(1924). The effect of the administration of calcium salts on the inorganic 
composition of the blood. ^II by Cullen’s method. 

Hendrix, B. M. and McAmis, A. J., J. Biol. Chcm. 61, 45 (1924). Alkalosis 
produced by injections of hydrazine sulfate in dogs. />ll by Cullen’s method. 

Hastings, A. B. and Skndroy, J., Jr., J. Biol. Chem. 61, 695 (1924). The 
colorimetric determination of blood p\l at body temperature without buffer 
standards. Use phenol red. 

Hirsch, FL F., j. Biol. Chem. 61, 795 (1924). Changes in the hydrogen ion 
concentration of the blood with coagulation. 

Austin, J. H., Cullen, G. E., Gram, H. C. and Robinson, H. W., J. Biol. 
Chem. 61, 829 (1924). The blood electrolyte changes in ether acidosis. 
/)H by Cullen’s method. 

SiiOHL, A. T. and McQuarrie, L, Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 
63, xii (1925). A method for the determination of the p\l of cerebrospinal 
fluid. Use phenol red and compare with Sorensen’s phosphate standards or 
bicolorimetric standards of Hastings and Sendroy. 

Hamilton, B., J. Biol. Chem. 66, 101 (1925). A comparison of the concentra- 
tions of inorganic substances in serum and spinal fluid. />H by Hawkins’ 
method. 

Hastings, A. B., Sendroy, J., Jr. and Robson, W., J. Biol. Chem. 66, 381 
(1925). The colorimetric determination of the pH of urine. Brom cresol 
green, brom cresol purple and phenol red. 

Stern, H. T., J. Biol, Chem. 66, 677 (1925). The colorimetric pH test of water 
or unbuffered solutions. Uses bromthymol blue and para-nitrophenol. 

Cullen, G. E., Keeler, H. R. and Robinson, II. W., J. Biol. Chem. 66, 301 
(1925). The pK' of the Henderson-Hasselbalch equation for hydrion con- 
centration of scrum. pH by Cullen’s technique. 

McQuarrie, I. and Shohl, A. T., J. Biol. Chem. 66, 367 (1925). A colorimetric 
method for the determination of the pH of cerebrospinal fluid. Use phenol 
red. 

Austin, J. H., Stadie, W. C. and Robinson, II. W., J. Biol. Chem. 66, 505 
(1925). The relation between colorimetric reading and true pH of scrum 
or plasma. Show that there is considerable variation in the difference be- 
tween colorimetric and true pH and outline method for correction. 

Lennox, W. G. with the assistance of M. O’Connor, J. Biol. Chem. 66, 521 
(1925). A study of the retention of uric acid during fasting. pH by Cullen’s 
method. 

i’lADiE, W. C., Austin, J. II. and Robinson, H. W., J. Biol. Chem. 66, 901 
(1925). The effect of temperature on the acid-basc-protein equilibrium and 
its influence on the CO^ absorption curve of whole blood, true and separated 
serum. pH by Cullen’s method. 

Holwerda, B. j., Verslag. Landw. Ohderzoek. Rijkslandbouwprolfsta. No. 30, 
220 (1925); C. A. 20, 245 (1926). The colorimetric determination of the 
acidity of cheese and whey. 

Myers, V. C. and Booher, L. E., Proc. Soc. Exptl. Biol. Med. 22, 511 (1925); 
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C. A. 20, 3468 (1926). The use of the bicolorimeter for the estimation of tho 
hydrogen ion conceni ration of urine. 

Shaxby, J. H. and Jones, 0. M., Proc. Physiol. Soc., J. Physiol. 61, xxvi (1926). 
C. A. 20, 3475 (1926). The colorimetric determination of hydrogen ion con- 
centration. 

Kahn, G. and Stokes, J., Jr., J. Biol. Chcm. 69, 75 (1926). The comparis,,,, 
of the electrometric and colorimetric methods for determination of the (.11 
of gastric contents. 

Bennett, Mary A., J. Biol. Chem. 69, 697 (1926). A note on Cullen’s colori- 
metric method for the determination of the of blood plasma. 

JANKE, A. and Kropacsy, S., Biochem. Z. 174, 120 (1926); C. A 21 87^ 
(1927). ’ “ 

McClendon, J. F., Russell, S. and Tracy, E., J. Biol. Chem. 70, 705 (1926). 
Use a modified Duboscq colorimeter and ortho-chrom-T or para-nitrophenol 
as indicators in the determination of the pH in blood plasma. 

Parsons, L. B. and Douglas, W. F., J. Bact. 12, 263 (1926); C. A. 21, 112 
(1927). The influence of sodium chloride on the colorimetric determination 
of pH. 

Sharp, P. F. and McInernf.y, T. J., J. Biol. Chem. 70, 729 (1926). /iH of 
milk, whey, and cream. 

SCHLEGEL, J, W. and Steuber, A. H., Ind. Eng. Chem. 19, 631 (1927); C. A. 
21 , 2109 (1927). Some sources of error in the colorimetric determination of 
pH values. 

Rosee and Morgenstern, v., Chem.-Ztg. 61,302 (1927); C. A. 21, 2235 (1927). 
A simplified modification of the Todt colorimetric method for determining the 
hydrogen-ion concentration in small quantities of highly colored or turbid 
solutions. 

Taylor, W. A., “The A B C of Hydrogen Ion Control” (pamphlet), 4 ed., La- 
Motte Chemical Products Co., Baltimore, Md., 1928. 

Hydrogen Peroxide. 

SCHONN, Z. anal. Chem. 9, 41, 330 (1870). First to observe the yellow color 
produced by the action of H 2 O 2 on molybdic and titanic acids. 

Schone, E., Z. anal. Chem. 18, 154 (1879). 

Jackson, E., Chem. News 47, 157 (1883). II 2 O 2 by TiO, in HCl or H 2 SO,. 
Suggests that the test may be made quantitative. 

Crismer, L., Gaz. med. Liege 7, 77 (1888). Discovered the yellow color 
produced by the action of H 2 O 2 on a molybdate in acid solution. Did not 
know of Schdnn’s discovery (1870) of the same reaction. 

DENiGi:s, G., Compt. rend. 110, 1007 (1890); J. Chem. Soc. 68, 1185 (1890). 
Used solution of ammonium molybdate in concentrated H 2 S 04 . Blue solu- 
tion obtained. 

Crismer, L., Bull. soc. chim. [3], 6, 22 (ifol); J. Chem. Soc. 62, 381 (1892). 

Richardson, A., J. Chem. Soc. 63, 1110 (1893). Uses TIO, in H,SO,. 

Planes, P., J. pharm. chlm. [vi], 20, 538 (1904); J. Chem. Soc. 88, ii, 199 (1905); 
J. Soc. Chem. Ind. 21, 45 (1905). Method based upon the following equa- 
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a O.IN iodine solution. 

Amberg S., J. Biol. Chem. 1 , 219 (1905-06). A method tor the determination 
of hydrogen peroxtde m milk. Uses titanium sulfate in H-SO, solution 
Salicylic acid gives a similar color and hence must lie absent 
Room, A., Staz. sper. agrar. ital. 67, 569 (1914); Ann. chim. applicata 2 , .141; 
C. A. 9, 772 (1914). A very sensitive lest for hydrogen peroxide. Uses 
FeSO,, KCNS, and Et,0. Only small tiuanlily of 11,0, can he determined 
accurately. 

Quartakoli, a., Gazz. chim. ital. 48, I, 102 (1918). C. A. 13, 1684 (1919)- 
Chem. Zentr. 93, II, 728 (1922); Z. anal. Chcni. 62, 469 (1923)’. Estimation 
of minute quantities of nitrites and hydrogen peroxide in presence of each 
other. Reagent about 6 per cent KCNS solution to which 0.5 g. crystalline 
FeSOd in 2 cc. pure colorless UNO, + 2 cc. IW has been added, and the 
mixture agitated, 2 cc. of the reagent arc added to 25 cc. of the test solu- 
tions. Special tests are described for H,(), and HNO, when both are present. 
Horst, F. W., Chem.-Ztg. 46, 572 (1921); J. Chem. Soc. 120 , ii, 461 (1921); 
J. Soc. Chem. Ind. 40, 507 (1921). Detection and estimation of traces of 
hydrogen-peroxide. reduced by FCSO 4 and the Fe,(S() 4 ), determined 
by NHaCNS. 

Snell, F. D., Colorimetric Analysis, p. 133, D. Van Nostrand Co., New York, 
1921. Determination of hydrogen peroxide by its oxidizing action on ferrous 
iron. 

Isaacs, M. L., J. Am. Chem. Soc. 44, 1662 (1922); C. A. 16, 3282 (1922); 
Analyst 47, 490 (1922); J. Soc. Chem. Ind. 41, 75lA (1922). Yellow color 
produced by H 2 O 2 and MoO, in citric acid solution. 

Hydrogen Sulfide. 

Fischer, E., Ber. 16, 2234 (1883). Calls attention to the possibility of using 
^-amino-dimethylaniline as a reagent for the detection of H 2 S in exceedingly 
small quantities. This compound and H 2 S in the presence of HCl and an 
oxidizing agent (FcCl,) react to form methylene blue. This is generally 
known as Lauth’s reaction [cf. xMniy, J. Am. Chem. Soc. 47, 1382 (1925)]. 
Huysse, a. C., Chem. Zentr. 1894, ii, 108; from Nederl. Tydschr. Pharm. 6, 
167; J. Chem. Soc., 68 , ii, 289 (1895). Method based upon formation of 
methylene blue. Uses />-amino-dimethylanilinc hydrochloride and FeCl,. 
Winkler, L. W., Z. anal. Chem. 40, 772 (1901); Analyst 27, 104 (1902). The 
determination of small quantities of hydrogen sulfide in natural waters. 
Uses Na K tartrate, NaOH, and PbAc 2 . 

Autenrietii, W. and Funk, A., Z. anal. Chem. 62, 137 (1913); C. A. 7 , 3627 
(1913). Colorimetric methods for water analysis by the use of the Auten- 
rieth-Koenigsberger colorimeter. Details are given for the estimation of 
NH,, HNO 2 , HNOg, Fe, Pb, and H 2 S. 

Winkler, L. W., Z. anal. Chem. 62, 641 (1913); J. Soc. Chem. Ind. 32, 957 
(1913). Determination of hydrogen sulfide in potable water. Uses PbAc:. 
Colloidal suspension of PbS is formed. 
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Mecklenburg, W. and Rosenkranzer, F., Z. anorg. Chem. 86, 143 (1914); 
C. A. 8, 1938 (1914); J. Soc. Chem. Ind. 33, 352 (1914). Colorimetric csti’ 
mation of small amounts of hydrogen sulfide. By action of P'cCl.i and 
dimcthyl-j^-phenylenediamine sulfate upon an aqueous solution of 1I,,S 
containing free HCl, methylene blue is formed. Under given conditions ihe 
intensity of the color developed is proportional to the amount of lUS present. 
Color stable for weeks. Define conditions necessary for the best results. 

Rosenkranzer, F., Z. anorg. Chem. 87, 319 (1914). On the speed of solution of 
zinc blend and galena in dilute sulfuric acid. Use the method of Mecklen- 
burg and Rosenkranzer, Z. anorg. Chem. 86, 143 (1914). 

Snell, F. D., Colorimetric Analysis, p. 137, D. Van Nostrand Co., New York, 
1921. Determination of hydrogen sulfide by methylene blue. 

Heath, P'. H. and Lee, P'. A., J. Am. Chem. Soc. 46, 1643 (1923); J. Soc. Chem. 
Ind. 42, 853 A (1923). Errors in the determination of hydrogen sulfide. 
Suggest the use of ^-amino-dimethylaniline, HCl and FeCl.'j in determining,^ 
H 2 S in mineral waters but report no results obtained by this method. 

Almy, L. H., j. Am. Chem. Soc. 47, 1381 (1925). A method for the estimation 
of hydrogen sulfide in proteinaceous food products. Uses />-amino-dimethyl- 
aniline hydrochloride and P'eCb. ZnAcj solution used to absorb the H^S. 

Hydrolysis. 

Tizard, H, T., Proc. Chem. Soc. (London), Oct. 20, 1910; Chem. News 102, 
277 (1910). The hydrolysis of aniline salts measured colorimetrically. 

Harding, V. J. and MacLean, R. M., Proc. Am. Soc. Biol. Chem., J. Biol. 
Chem. 24, xv (1916). A comparison of the Sorensen, Van Slyke, and colori- 
metric methods for the estimation of protein hydrolysis. 

Hydroxylamine. 

SciiROEDER, H., Chem. News 109, 205 (1914); J. Chem. Soc. 106, ii, 486 (1914). 
The detection and estimation of hydroxylamine. Uses solid Na nitroprussidc 
and NaOH. A characteristic magenta color develops. 

PucHER, G. W. and Day, H. A., J. Am. Chem. Soc. 48, 672 (1926). A colori- 
metric method for the estimation of hydroxylamine. Method depends on 
the reaction of NHiOH with CeHsCOCl and FeClj. 

Imidazole. 

Koessler, K. K. and Hanke, M. T., J. Biol. Chem. 39, 497 (1919). A micro- 
chemical colorimetric method for estimating imidazole derivatives. Use 
/i-phenyldiazonium sulfonate. 

Hunter, G., Biochem. J. 19, 42 (1925). Commercial Congo red and methyl 
orange must be purified before use in colorimetric work. 

Leiter, L., j. Biol. Chem. 64, 125 (1925). Use method of Koessler-Hanke. 

Indican. * 

Autenrieth, W. and Funk, A., Miinch. med. Wochschr. 69, 689; C. A. 6, 
2088 (1912). The colorimetric method for determining glucose and indican 
in urine, as also the iron in the blood. 
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ErUST, E., Deut. Z. Chirurgie 192, 330 (1925); Ber. ges. Physiol, cxptl. Phar- 
makol. 34 (1926). Indican determination in blood and kidney insufficiency. 
Details of a colorimetric indican determination. 

Indigo. 

KOPPESCHAAR, W. F., Z. anal. Chem. 38, 1 (1899). Determination of indigo 
blue and indigo red in natural and synthetic indigo. 

Indole. 

Herter, C. a. and Foster (Miss) M. L., J. Biol. Chem. 1, 257 (1905-06). 
A method for the quantitative determination of indole. Use ^-naphtha- 
quinone-sodium-monosulfonatc. Gives blue or grccn-bluc color with faintly 
alkaline solution of indole. See J. Exptl. Med. 7, No. 1, 1905, for a description 
of the reaction. 

Herter, C. A. and Foster, (Miss) M. L., J. Biol. Chem. 2 , 267 (1906). On 
the separation of indole from skalolc and their quantitative determination. 
Use /i-naphthaquinone-sodium-monosulfonate for indole and Ehrlich’s alde- 
hyde reagent for skatolc after separation. 

Marshall, W. E., J. Hyg. 7, 581 (1907); J. Chem. Soc. 92, ii, 995 (1907). The 
/►-dimethylaminobenzaldehyde test for indole. Ehrlich’s test. M. states 
method lends itself to colorimetric estimations. 

Miller, C. W. and Taylor, A. E., J. Biol. Chem. 17, 531 (1914). Suggest that 
the reagent (30 g. ammonium molybdate and 25 cc. H 2 SO 4 dissolved in 1 liter 
of distilled water) might be developed to serve for the colorimetric estimation 
of the indole and phenol derivatives contained in urine. 

Nelson, V. E., J. Biol. Chem. 24, 527 (1916). Some color reactions for indole 
and skatole. Possibility of some quantitative methods. 

Nelson, V. E., J. Biol. Chem. 24, 533 (1916). Indole in cheese. Uses sodium- 
naphtha-quinonc-monosulfonate. 

Bergeim, 0., J. Biol. Chem. 32, 17 (1917). The determination of fecal indole. 
Uses f^-naphthaquinone-sodium-monosulfonatc and KOII. Blue color formed. 

ZoLLER, H. F., J. Biol. Chem. 41, 25 (1920). Quantitative estimation of indole 
in biological media. Discusses several color reactions. 

Inulin. 

Okey, R., j. Biol. Chem. 38, 33 (1919). Studies on the behavior of inulin in 
the animal body. Application of the Benedict method to the estimation of 
levulose and inulin. 

Iodine. 

Struve, H., Z. anal. Chem. 8 , 230 (1869). Liberates iodine and dissolves it 
in CSj. 

Baumann, E. and Roos, E., Z. Physiol. Chem. 21 , 489 (1895-96). ^ Fuse sub- 
stance with NaOH (using a little NaNOs if much organic matter is present), 
dissolve melt in water, filter, acidify filtrate with H2SO4, add NaN 02 , shake 
out the liberated iodine with chloroform and compare the solution with 
standards. 
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Bourcet, P., Compt. rend. 128, 1120 (1899); J. Chcm. Soc. 76, 516 (I8O9). 
J. Soc. Chem. Ind. 18, 613 (1899); Z. anal. Chem. 42, 115 (1903). Detection 
and colorimetric estimation of traces of iodine in organic matter. Iodine 
liberated by nitrous acid in the presence of CS2. 

Seidell, A., J. Biol. aem. 3, 391 (1907); C. A. 2, 1251 (1908). Small amouius 
of iodine in organic matter determined by fusing latter with excess causiic 
alkali, dissolving and neutralizing, liberating iodine with HNO2 and absorbing 
the iodine in CHCI3. Match against standard pink solutions of the dye 
Fuchsin S. 

Riggs, L. W., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 6, xli (1909). The 
determination of iodine in protein combinations. Suggests improvements of 
Baumann’s process. 

Seidell, A., J, Biol. Chem. 10, 95 (1911-12). Comparative investigation of 
Hunter, Baumann, and Riggs modification of Baumann’s method. 

Cameron, A. P., J. Biol. Chem. 18, 335 (1914). The distribution of iodine in 
plant and animal tissues. Considers accuracy and degree of sensibility of 
methods of Baumann (comparison with solution of known strength), Seidell 
(comparison with a standard solution of Fuchsin S), and Bourcet (addition 
of nitrite in presence of acid and CS2 and colorimetric comparison). 

Krauss, R. B., j. Biol. Chem. 22, 151 (1915). The determination of iodine in 
the presence of organic matter. Based upon the fact that palladous chloride 
when added in the cold to a dilute solution of iodide gives a deep brown color 
due to the formation of palladous iodide. A difference of 0.01 mg. iodine in 
100 cc. can easily be detected with the naked eye. Using a Duboscq colorim- 
eter the range is increased 1 to 100. 

Lewis, P. A. and Krauss, R. B., J. Biol. Chem. 22, 159 (1915). Further obser- 
vations on the presence of iodine in tuberculous tissues and in the thyroid 
gland. Use method given in J. Biol. Chem. 22, 151 (1915). 

Krauss, R. B., J. Biol. Chem. 24, 321 (1916). The electrolytic determination 
of iodine present in organic matter. Mentions colorimetric method [J. Biol. 
Chem. 22, 151 (1915)] and claims it is muchmorescnsitivcthantheelectrolytic. 
Bohn, R. M., J. Biol. Chem. 28, 375 (1916-17). The iodine content of food 
materials. Finds Krauss’ method [J. Biol. Chem. 22, 151 (1915)] unsatis- 
factory. 

Smith, G. E., J. Biol. Chem. 29, 215 (1917). Uses method of Hunter. 

Dubief, j., Ann. fals. 16, 80 (1923); J. Chem. Soc. 124, ii, 332 (1923). Rapid 
estimation of total iodine in mineral waters containing sulfides. Sulfides and 
organic matter oxidized by alkaline permanganate and halogens then liber- 
ated by acidifying with H2SO4 and dissolved in CS2. Excess permanganate 
removed with H2O2. 

Fellenberg, T. V., Biochem. Z. 139, 400 (1923). 

McClendon, J. F., J. Biol. Chem. 60, 289 (1924). The determination of iodine 
m food, drink, and excreta. Extracts with CCb. 

Lange, N. A. ^nd Ward, L. A., J. Am. Chem. Soc. 47, 1000 (1925); C. A. 19, 
1548. Determination of small amounts of iodine as iodide and iodate. Use 
and o-tolidine in alcohol. Bluish-green color obtained, 
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YosHiMATSTJ, S., Tohoku J. Exptl. Med. 8, 107 (1926). Determination of 
iodine in urine. “Agl dissolved in KCN soln. is reduced by means of 
Na 2 S with the production of a dark brown colored soln. which is cstd. col- 
orimetrically. The method provides for the detn. of both Cl and I in the 
same sample of urine, and yields results which average within 3 per cent 
of the amts, actually present.” L. W. Riggs, C. A. 21, 1133 (1927). 

Iron. 

OssiAN, H., Pharm. Centralblatt 1837, 205. Early mention of KCNS as a 
qualitative test for Fe. 

Harting, P., J. prakt. Chem. 22, 51 (1841); cf. Carncllcy, Chem. News 30, 259 
(1874). States that 1 part of Fe (as sulfate) produces a color in 300,000 parts 
of water containing ferrocyanide. 

Herapath, T. j., j. Chem. Soc. 6, 27 (1852). Uses KCNS. 

Davies, J., Chem. News 8, 163 (1863); Z. anal. Chem. 3, 370 (1864). Uses 
KCNS for Fe in waters. 

Herapath, W., Chem. News 8, 182 (1863). Note calling attention to the paper 
by T. J. Herapath, Chem. Gazz, 10, 172, who used KCNS for estimating iron 
and gave a method of procedure “very superior” to the one recommended by 
J. Davies, Chem. News 8, 163 (1863), who also uses KCNS. 

Rheineck, H., Dingler’s polytech. J. 201, 467 (1871). Uses ferrocyanide for 
Fe in liquids employed in dye works. 

Bottger, R., Chem, Zeiitr. 1874, 407; J. Chem. Soc. 27, 1101 (1874). Detec- 
tion of iron in nickel salts. Uses KCNS. 

Morrell, T. T., Am. Chemist 4, 287 (1874); Z. anai. Chem. 14, 390 (1875). 
An approximate method based upon the liberation of I from KI by bcClj. 
Resulting iodine solution matched against standard solutions. 

Muller, A., Pogg. Ann. Ergiinzungs-b. 6, 123 (1874). Found that an elevation 
of 30° increased the color intensity of a FeCh solution from 1 to 1.4 or 1.5. 

Muller, A., Pogg. Ann. Ergiinzungs-b. 6, 262 (1874). b.fTect of HAc and HCl 
on FeCU solutions. Both acids increase the intensity of FeCh solutions. 
Increase due to HAc is only about 1/10 of that due to HCl. 

Carnelley, T., Chem. News 30, 257 (1874); J. Chem. Soc. 28, 285 (1875). 
Uses K 4 Fe(CN)c for Fe in waters. Will detect 1 part of Fe in 13,000,000 
parts of water. 

Vogel, A., N. Rep. Pharm. 26, 180 and Chem. Zentr. 1876, 375. On the deli- 
cacy of the salicylic acid test for Fe. 

Pagliani, S., Gazz. chim. ital. 9, 23; J. Chem. Soc. 36, 748 (1879). Makes a 
quantitative study of the effects of H2SO4, HNO3, and HCl on the delicacy 
of the salicylic acid test for Fe. 

Smith, E. F,, Proc. Am. Phil. Soc. 18, 214 (1880). On the delicacy of the KCNS 
and salicylic acid tests for Fe. Salicylic acid is a “decidedly good reagent for 
iron in the presence of an excess of copper." It is more delicate than thio- 
cyanate in such cases. 

Wagner, A., Z. anal. Chem. 20, 349 (1881); Chem. News 46 , 35 (1882). On 
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the delicacy of the ferrocyanide, thiocyanate, and tannic tests for Fe and tl.e 
ferrocyanide, ammonia, and K xanthogenate tests for Cu. 

Werner, H., Z. anal. Chem. 22, 44 (1883); J. Chem. Soc. 44, 510 (1883). Uses 
thiocyanate. 

Shilton, A. J., Chem. News 49, 234 (1884). Brief note on the reducing action 
of thiocyanate. 

Thomson, A., Chem. News 61, 259 (1885); Proc. Chem. Soc, May 21, 1885; 
J. Chem. Soc. 47, 493 (1885). Uses thiocyanate. Ag and Cu and in some 
cases Co, are the only common metals that interfere. Clowes pointed out 
the necessity of having the amount of acid constant and that HgCl 2 
especially must be avoided. 

Venable, F. P., J. Anal. Chem. 1, 312 (1887); Chem. Zcntr. 1887, 1, 185. A 
qualitative test for Fe : Co(N 03 )s in concentrated HCl gives a blue solution 
which turns green when Fe is added. 0.00003 g. of a ferric salt will produce 
a distinct green color. 

Tatlock, R. R,, j. Soc. Chem. Ind. 6, 276, 352 (1887); in condensed form in 
Analyst 12, 160 (1887). On the determination of minute proportions of iron, 
with special reference to alum and sulphate of alumina. Uses NIUCNS. 
Extracts the ferric thiocyanate by ether and compares the color with etherial 
layers of the same volume and thickness containing known amounts of Fc. 
Based on the observation of Natanson [Ann. 130, 246 (1864)] that the reaction 
is more sensitive when ether is employed as solvent. 

Combes, A., Compt. rend. 105, 868 (1887). J. Chem. Soc. 64, 128 (1888), 
Metallic derivatives of acetylacetone. 

Sab ANE JEFF and Kislakowsky, Chem. Zentr. 1888, 84; Pharm. Ztg. Russ. 26, 
776; J. Chem. Soc. 64, 757 (1888). Use (NH^^S for Fe in waters. 

Blount, B., Chem. News 68, 195 (1888); see also J. Anal. Chem. 3, 75 (1889). 
Blount says use of Co indicator (J. Anal, Chem. 1, 312; 2, 4, 169) for Fe 
seems needless, since strong HCl gives yellow FeCU. 

Bell, J. C., J. Soc. Chem. Ind. 8, 175 (1889); J. Chem. Soc. 68, 419 (1890). 
Uses ferrocyanide for Fe in waters. 

JoLLES, A. F., Chem.-Ztg. Rep. 13, 8; see also J. Anal. Chem. 3, 84 (1889); 
Z. anal, Chem. 33, Part 3. Uses NH^CNS for Fe in mineral and river waters. 

Kruss, G. and Moraht, H., Ber. 22, 2061 (1889); J. Chem. Soc. 66, ii, 1129 
(1889). Double thiocyanates of iron and potassium. 

Lapicque, L., Bull. soc. chim. [3], 2, 295 (1889); J. Chem. Soc. 68, 297 (1890). 
Estimation of iron in blood. Uses NH^CNS. 

Lapicque, L., Compt. rend. soc. biol. 1890, 669; J. Chem. Soc. 62, 240 (1892). 
Uses alkali thiocyanate for Fe in blood. 

Ribau, j.. Bull. soc. chim. [3], 6, 996 (1891); J. Chem. Soc. 62, 1132 (1892); 
J. Soc. Chem. Ind. 11, 269 (1892). Presents numerous results on the deter- 
mination of Fe in blood by the thi6cyanate, acetate, and alkali tartrate 
methods which prove the methods inaccurate. 

Magnanini, G., Z. phys. Chem. 8, 1 (1891). On the reaction between ferric 
salts and solutions of thiocyanates. 
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Vernon, H. M., Chem. News 66, 177, 191, 202, 214 (1892). On the reactions 
of ferric salts with thiocyanates. 

Schulze, H., Chem.-Ztg. 17, 2 (1893); J. Chem. Soc. 64, ii, 438 (1893); J. Soc. 
Chem. Ind. 12, 949 (1893). Points out necessity of having an excess of a 
mineral acid in the thiocyanate method for Fe. 

Ribau, j., Bull. soc. chim. [3], 7, 199; J. Chem. Soc. 64, ii, 50 (1893). Uses 
thiocyanate. 

Gladstone, J. H., Chem. News 67, 1 (1893). On the reactions of ferric salts 
with thiocyanates. Studies the effects of concentration, presence of other 
radicals, and of temperature changes. 

Gerhard, F., Arch. Pharm. 230, 705; ('hem. Zentr. 1893, i, 366; J. Soc. Chem. 
Ind. 13, 546 (1894). Uses tannin for Fe in waters. 

Zega, a., Chem.-Ztg. 17, 1564; J. Chem. Soc. 66, ii, 215 (1894); Z. anal. Chem. 
39, 730 (1900). Uses KCNS for Fe in waters. 

Keler, H. von and Lunge, G., Z. angew. Chem. 1894, 670. Have improved 
Tatlock’s method [J. Soc. Chem. Ind. 6, 276, 352 (1887)] and given it a some- 
what wider scope. 

Budden, E. R. and Hardy, H., Analyst 19, 169; J. Chem. Soc. 66, ii, 481 (1894). 
Colorimetric estimation of minute quantities of lead, copper, tin, and iron. 
See the abstract of this paper given under Copper. 

Griggi, G., Z. anal. Chem. 34, 450 (1895); from Boll. chim. farm, through Z. 
allgem. oesterr. Apoth-Ver. 47, 863; J. Chem. Soc. 68, ii, 534 (1895). Detec- 
tion of iron in commercial copper sulfate. Uses an ethereal sdlution of 
salicylic acid. 

Lunge, G., Z. angew. Chem. 1896, 3; J. Chem. Soc. 70, ii, 392 (1896). Uses 
KCNS for estimation of Fe in commercial Alj(S 04 ) 3 . 

Borntrager, a., Chem.-Ztg. 20, 398 (1896); J. Chem. Soc. 72, ii, 233 (1897); 
J. Soc. Chem. Ind. 16, 562 (1896). Uses KCNS for Fe in the ash of wines 
and beers. 

Konig, F. j., Chem.-Ztg. 21, 599 (1897); J. Chem. Soc. 74, ii, 313 (1898); J. Soc. 
Chem. Ind. 16, 936 (1897). 

Ewers, E., Chem. Zentr. 1898, ii, 605; Ai^oth. Ztg. 13, 536; J. Chem. Soc. 76, 
ii, 252 (1899). Uses KCNS. Rejects K 4 Fc(CN), method. 

Seyda, a., Chem.-Ztg. 22, 1085 (1898); J. Chem. Soc. 76, ii, 341 (1899); J. Soc. 
Chem. Ind. 18, 177 (1899); Analyst 24, 51 (1899). Uses KCNS for Fe in 
waters. 

Ley, H., Z. phys. Chem. 30, 193 (1899). Studies on the hydrolytic dissociation 
of salt solutions. Studies on thiocyanates, Fe(CNS)3, etc. 

Urbain, G. and Debierne, A., Compt. rend. 129, 302 (1899); J. Chem. Soc. 76, 
i, 789 (1899). Metallic derivatives of acetylacetonc. 

Rosenheim, A. and Cohn, R., Z. anorg. Chem. 27, 280 (1901). The ferric 
thiocyanate reaction. Various double salts of thiocyanate. 

Schaer, E., Arch. Pharm. 239, 257, 540 (1901). Researches on the color of 
solutions of iron salts. 

Hantzsch, a. and Desch, C. H., Ann. 323, 1 (1902); J. Chem. Soc. 82, i, 708 
(1902). Colored organic ferric compounds. 



616 


BIBLIOGRAPHY 


Donnan, F. G. and Bassett, II., Jr., J. Chem. Soc. 81, 955 (1902). Color |)n)- 
duced by FeCL in HCl solution. Color is due to a complex anion. 

Hinds, J. I. D. and Cullum, M. L., J. Am. Chem. Soc. 24, 848 (1902). Use 

K4Fe(CN)e. 

Winkler, L. W., Z. anal. Chem. 41, 550 (1902); J. Chem. Soc. 84, ii, 108 (1903). 
Uses (NH 4 ) 2 S for Fe in waters. 

PuLSiFER, H. B., J, Am. Chem. Soc. 2G, 967 (1904); J. Soc. Chem. Ind. 23, 9i3 
(1904). The estimation of small amounts of ferric iron by acetylacetoni'. 
Especially applied to water analysis. Method based upon the fact that acc- 
tylacetone, CHa-CO-CHj-CO^CHs, gives an intense red coloration with 
ferric salts. 

Oerum, H. P. T., Z. anal. Chem. 43, 147 (1904); J. Chem. Soc. 86, ii, 449 (1904i. 
Colorimetric estimation of iron in blood by Meisling’s universal colorimeter. 
Uses thiocyanate or ferrocyanide method. 

Jolles, a., Z. anal. Chem. 43, 537 (1904). Colorimetric determination of iron 
in the blood. 

Leather, J. W., J. Soc. Chem. Ind. 24, 385 (1905). Uses K 4 Fe(CN)« and 
KCNS or NH4CNS methods. 

Marriott, W. McK. and Wolf, C. G. L., J. Biol. Chem. 1, 451 (1905-6). Use 
alkaline NILCNS. 

Mouneyrat, a., Compt. rend. 142, 1049, 1572 (1906); J. Chem. Soc. 90, ii, 
495 (1906); J. Soc. Chem. Ind. 25, 562 (1906). Detection and estimation of 
minute quantities of iron. IDS passed into the ammoniacal solution. 

Stokes, H. N. and ("ain, J. R., J. Am. Chem. Soc. 29, 409 (1907). On the col- 
orimetric determination of iron with special reference to chemical reagents. 

Gregory, A. W., Proc. Chem. Soc. 23, 263 (1907); C. A. 2, 971 (1908); see J. 
Chem. Soc. 93, 93 (1908). A colorimetric method for the determination of 
small percentages of iron in copper alloys. Uses salicylic acid. Depth of the 
red color produced is increased by using a solution of salicylic acid in HAc 
and by carrying out reaction in the presence of NaAc. Blue color due to Cii 
removed with KCN. Pb must be removed as PbS04. Zn and Sb do not 
interfere. 

Crutz, 0., Chem.-Ztg. 31, 570; C. A. 2, 242 (1908). A new test for iron. 
Add a few drops of protocatcchnic acid to slightly acidify the solution and then 
a slight excess IN NaaCOs. Red coloration due to formation of a complex 
salt of protocatechuic acid proves the presence of iron. If a colored precit)i- 
tate fonns, filter, and observe the color of the filtrate. HgCL, HaPOj, As, 
and many organic acids do not interfere with the delicacy of the test. In 
strong acid or strong alkaline solution no color is produced. 

Gregory, A. W., J. Chem, Soc, 93, 93 (1908). A colorimetric method for the 
determination of small percentages of iron in copper alloys. States that 
1 part of Fc in 10,000 parts of Cu may be detected by the red color given by 
ferric salts with salicylic acid in the pfcsence of NaAc. 

Mellor, j. W., Trans. Ceram. Soc. England 8, 125 (1908-09); J. Soc. Chem. 
Ind. 29, 426 (1910); C. A. 4, 1440 (1910). Determination of small amounts 
of iron in clays. Tried (NH 4 ) 2 S, HjS in sodium pyrophosphate solution, 



BIBLIOGRAPHY 


G 17 


K4Be(CN)6, tannin, salicylic acid, and ferric acetylacetonate methods and 
finally adopted the thiocyanate method. 

KUJT, H., Mitteilungen aus der Koniglichen prufungs anstalt fur Wasserver- 
sorgung und Abwa.ss( rbeseitigung 12, 174; though Chem. Zentr. 1909, II, 
1076; C. A. 6, 746 (1011); Z. anal. Chem. 60, 725 (1011). The quantitative 
determination of iron in water. Uses KCNS in preference to K4Fe((:N),. 
Meyerfeld, J., Chem.-Ztg. 34, 848; C. A. 4, 3178 (1010). Pyrogallol dimethyl 
ether, a sensitive reagent for chromic acid, ferric salts and nitrous acid. 
WoLTER, 0., Biochem. Z. 24, 108 (1010). The determination of iron in urine. 
Charnass, D., Biochem. Z. 25, 333 (1010). Determination of iron in blood 
Uses NH4CNS. 

Laciis, H. and Friedenthal, H., Biochem. Z. 32, 130; C. A. 6, 2380 (1011); 
J. Soc. Chem. Ind. 30, 651 (l^H); Z. anal. Chem. 61, 714 (1012). The iron 
content of cow’s milk. Use KCNS. 

C.UERBET, Compt. rend. soc. biol. 70, 848 (1011); C. A. 6, 2608 (1011). New 
method for the determination of ferric salts in the presence of ferrous salts 
and organic matter. Uses 5 cc. of the test solution, 1 cc. 112804(1 : 3), 1 cc. 
50 per cent NH4SCN, and 25 cc. anhydrous ether. The ferric salt is taken 
up by the ether. 

Eastick, j. j., Ogilvie, J. P, and Lindfield, J. II., Intern. Sugar J. 14, 428 
(1912); J. Chem. Soc. 104, ii, 156 (1913). Estimation of traces of iron in 
cane and beet sugar factory and refinery products. Use (N 144)28. 

Slawik, P., Chem.-Ztg. 36, 54 (1012); C. A. 6, 1113 (1912). Dimethylglyoxime 
as a sensitive reagent for ferrous salts. Claimed to be most sensitive reagent 
known for No data are given. 

Nottbohn, F. E. and Weiszwange, W., Z. Nahr. Genussm. 23, 514 (1912); 
C. A. 6, 2960 (1912). Method for the determination of iron in milk. Use 
NH4CNS. 

Mayer, 0., Chem.-Ztg. 36, 552 (1012); J. Chem. Soc. 102, ii, 809 (1912); 
Z. anal. Chem. 62, 392 (1913). The estimation of iron in water. Uses 
KCNS or NH4CNS. 

Schaeffer, J. A., J. Ind. Eng. Chem. 4, 659 (1912); C. A. 7, 1462 (1913); 
Z. anal. Chem. 68, 225 (1919). The colorimetric determination of iron in lead 
and its oxides. Uses NH4SCN. A modification of Thomson’s method, 
J. Chem. Soc. 47, 493 (1885). 

Autenrieth, W. and 1'unk, A., Miinch. med. Wochschr. 59, 689; C. A. 6, 
2088 (1912). Use KCNS for determining Fe in blood. 

Lisci, F., Ann. inst. med. nacional, 10, 269; C, A. 6, 663 (1912). Uses. KCNS. 
Mayer, 0., Mon. sci. 3, 1, 81 (1913); J. Chem. Soc. 104, ii, 626 (1913); J. See. 

Chem. Ind. 32, 209 (1913). Uses KCNS for the determination of F> in water. 
Hewitt, J. T. and Mann, G. R., Proc. Chem. Soc. Feb. 6, 1913; Chem. News 
107, 93 (1913). 

Autenrieth, W. and Funk, A., Z. ana). Chem. 62, 137 (1913); C. A. 7, 3627 
(1913). Colorimetric methods for water analysis by the use of the Auten- 
rieth-Koenigsberger colorimeter. Details are given for the estimation of 
NH,, HNO2, HNO3, Fe, Pb, and H.S. 
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Philip, J. C. and Bramley, A., Chem. News 107 , 226 (1013). Proc. Chcm. 

Soc. April 3, 1913. The reaction between ferric salts and thiocyanates. 
Tassilly, E., Bull. soc. chim. 13 , 34 (1913); Analyst 38 , 174 (1913). Uses 
KCNS for the determination of Fe in water. 

Evers, N., Analyst 38 , 447 (1913). Uses KCNS for the determination of I'e in 
pharmaceutical preparations. 

Tschugaeff, L. and Orelkin, B.,Z. anorg. Chem. 89 , 401 (1914); J. Russ. 
Phys. Chem. Soc. 46 , 1874 (1914); C. A. 9 , 1442 (1915); Z. anal. Chem. 64, 
376 (1915). A sensitive iron reaction and a method for the colorimetric 
estimation of iron. Fe++‘'' with dioximes gives a red compound. Fc+ ' + 
reduced with N 2 H 4 -H 2 S 04 in excess. Can detect with safety 6 X 10"® g. I'c 
in 1 cc. Large amounts Zn and A1 interfere. 

Gothe, F., Z. Nahr. Genussm. 27, 676 (1914); J. Chem. Soc. 106 , ii, 581 (1Q14); 
J. Soc. Chem. Ind. 33 , 661 (1914). Uses KCNS for the determination of I c 
in water. 

Mayer, 0., Pharm. Z. 69 , 422 (1914); J. Chem. Soc. 106 , ii, 581 (1914). Uses 
KCNS. 

HOttner, C., Z. anorg. Chem. 86 , 341 (1914); J. Soc. Chem. Ind. 33 , 614 (1914); 
Z. anal. Chem. 64 , 471 (1915). Matches HCl solutions of the chlorides of 
Co, Ni, Fe, and Cu. C. A. 8 , 2540 (1914) gives a long abstract of the paper. 
White, B. S., J. Ind. Eng. Chem. 7 , 1035 (1915); C. A. 10, 434 (1916); J. Soc. 
Chem. Ind. 36 , 144 (1916). A colorimetric method for the determination of 
copper and iron in pig lead, lead oxides, and lead carbonate. Uses NILCXS 
for Fe. 

Eck, P. N. van, Pharm. Wcekblad 63 , 1570 (1916); C. A. 11 , 431 (1917). Uses 
KCNS. 

Dovey, E. R., Analyst 43 , 31 (1918); C. A. 12 , 658 (1918); Z. anal. Chem. 67, 
461 (1925-26). Uses thiocyanate. 

Harvey, A., J. Soc. Leather Trades’ Chem. 2 , 37 (1918); J. Chem. Soc. 114, ii, 
243 (1918). Uses K 4 Fe(CN)# for the determination of Fe in lactic acid. 
Berman, L., J. Biol. Chem. 36 , 231 (1918). Uses NH 4 CNS and acetone for the 
determination of Fe in blood. 

Hostetter, j. C., j. Am. Chem. Soc. 41 , 1531 (1919); C. A. 13 , 2828 (1919). 
Hydrochloric acid color method for determining iron. See also C. Iliittncr, 
Z. anorg. Chem. 86 , 341 (1914), on colorimetric determination of Co, Ni, 
and Cu. 

Nyman, E., Can. Chem. J. 3 , 298 (1919); C. A. 13 , 2829 (1919); J. Soc. Chem. 
Ind. 38 , 829A (1919). Determination of iron in battery acid by the fen-ic 
thiocyanate color. 

Mathieu, L., BulLassocn. chim. suer. dist. 37, 205 (1919); C. A. 14, 3033 (1920); 

J. Soc. Chem. Ind. 39 , 431 A (1920). Uses KCNS. 

Hardy, C. R., Chem. News 120 , 256 ('1920); J. Chem. Soc. 118, ii, 510 (1920). 
Colorimetric method for the estimation of the copper and iron present in lead 
and lead oxides. Uses K 4 Fe(CN )6 for Cu and NH 4 CNS for Fe. 
WiLLSTATTER, R., Ber. 63 [B], 1152 (1920); J. Chem. Soc. 118, ii, 559 (1920); 
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J. Soc. Chem. Ind. 39, 58SA (1920); Z. anal. Chem. 62, 368 (1923); ibid 67 
461 (1925). Uses NH,CNS. ' 

Matejka, J., Chem. Listy 16, 8 (1921); C. A. 15 , 2048 (1921); J. Chem. Soc. 
120, ii, 658 (1921). Uses NIUCNS for the determination of Te in silicates. 

Matiiieu, L., Ann. chim. anal. 3, 106 (1921); J. Chem. Soc. 120, ii, 415 (1921); 
J. Soc. Chem. Ind. 40, 363A (1921). Uses KCNS for the determination of 
Fe in wines. 

Mathieu, L., Ann. fals. 14, 203 (1921); J. Chem. Soc. 120, ii, 561 (1921); J. Soc. 
Chem. Ind. 40, 363A (1921). Uses thiocyanate. 

Maquenne, L., Bull. soc. chim. 23, 585 (1921); C. A. 16, .3429 (1921); J. Soc. 
Chem. Ind. 40, 640A (1921). Uses K 4 Fe(CN) 6 . 

Snell, F. D., Colorimetric Analysis, p. 31, D. Van Nostrand ( o., New York, 
1921. Determination of iron by KCNS. 

Snell, F. D., ibid., p. 35, 1921. Determination of iron as the chloride in con- 
centrated HCl. 

Snell, F. D., ibid., p. 36, 1921. Determination of iron by K 4 Fe (CN)(i. 

Snell, F. D., ibid., p. 37, 1921. Determination of iron by salicylic acid. 

Snell, F. D., ibid., p. 39, 1921. Determination of iron as the sulfide. 

Snell, F. D., ibid., p. 41, 1921. Determination of iron by acetylacetone. 

Snell, F. D., ibid., p. 42, 1921. Determination of iron by dimethylglyoxime. 

Brown, A. L., J. Am. Chem. Soc. 44, 423 (1922); C. A. 16, 1600 (1922); Z. anal. 
Chem. 63, 204 (1923). Uses KCNS for the determination of Fe in blood. 

Wong, S. Y., J. Biol. Chem. 66, 421 (1923); C. A. 17, 2295 (1923). Uses KCNS 
or NH4CNS for the determination of Fe in blood. 

Lichtin, a.. Am. J. Pharm. 96, 361 (1924); C. A. 18, 2047 (1924). Uses 
thiocyanate for the determination of Fe in spinach. 

Deseo, D. V., Biochem. Z. 146, 323 (1924); J. Soc. Chem. Ind. 43, B619 (1924). 

Heinrichs, H. and Hertricii, M., Glastech. Ber. 2 , 112 (1924); Chimie & 
Industrie 14, 696 (1925); C. A. 20 , 561 (1926). Error introduced by the 
presence of bismuth in the colorimetric determination of iron in minimum: 
colorimetric method for its determination. Use NH 4 CNS. 

Nichols, M. L. and Cooper, S. R., J. Am. Chem.Soc. 47, 1268 (1925). C. A. 19, 
1833 (1925). New qualitative tests for copper, iron, and cobalt. A saturated 
solution of dinitrosoresorcinol will detect as little as 0.004 mg. of Cu and 
somewhat less Fe and Co in 1 cc. of neutral solution. 

Walker, W. B., Analyst 60, 278 (1925); J. Soc. Chem. Ind. 44, B573 (1925); 
Z. anal. Chem. 67, 462 (1925-26). “The thiocyanate and ferrocyanide meth- 
ods for the colorimetric detn. of small quantities of Fe were studied and 

» modified slightly. For the oxidation of Fe, HNO3 contg. HNO2 is desirable 
but all HNO2 should be removed before applying the colorimetric tests. In 
the thiocyanate method this is best accomplished by adding a little H 2 O 2 
hut in the ferrocyanide method, boiling for a short time is recommended. The 
thiocyanate process is generally prefetable but is unsatisfactory in the presence 
of Ag, Hg, Co, HsPO^, H2C2O4, and HF. Oxalates and fluorides must be 
removed in both methods but H3PO4 does no harm in the ferrocyanide 
method. The results of about 40 analyses, mostly of food products, are given 
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with Fe varying from 0 to 11 parts per 100 , 000 . Good agreement w 
obtained when both methods were used.” W. T. H., C. A. 19 , 2613 ( 1925 ? 
Hopkins, E. S., Ind. Eng. Chem. 17 , 832 (1925). “The colorimetric vnlue of 
Co platinic standards as given in Standard Methods of Water Analysi. 
(Am. Pub. Health Assocn.) should be regarded as merely approximations and 
these solns. should be compared with actual Fe colors to obtain the tru 
values.” W. T. H., C. A. 19 , 2618 (1925). ^ 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., pp. 261 and 262 
D. Van Nostrand Co., New York, 1925. Uses the thiocyanate and salicylic 
acid methods. 

Standard Methods for the Examination of Water and Sewage, 6 ed., pp. 46 49 
American Public Health Association, New York, 1925. Uses KCNS (or 
NH4CNS) for Fe+++ and KaFc(CN )6 for Fe++. 

VanUrk, H. W., Pharm. Weekblad 63, 1101 (1926); C. A. 20 , 3661 (1026), 
Uses KCNS and K4Fe(CN) 6 methods. 

Van Urk, H. W., Pharm. Weekblad 63, 1121 (1926); C. A. 20, 3661 (1926). 
Uses pyramidone. 

Fowweather, F. S., Biochem. J. 20 , 93 (1926); C. A. 20, 2172 (1926). Uses 
NH4CNS for the determination of Fe in blood, tissues, and urine. 

Smith, H. L. and Cooke, J. II., Analyst 61, 503 (1926); C. A. 21, 874 (1927) 
Use NH4CNS. 

Mummery, W. R., Analyst 61, 512 (1926); C. A. 21 , 1074 (1927). Uses 
fcrrocyanide. 

Sagaiuachnuii, a. and Ravicii, M., J. Russ. Phys.-Chem. Soc. 68, 1018 (1926); 

C. A. 21 , 2237 (1927). Use salicylic acid. 

Bernouilli, a. L., Helv. Chim. Acta. 9, 827 (1926); C. A. 21 , 30 (1927). The 
sliding-gage colorimeter and the determination of minute quantities of 
ammonia, nitrite, lead, and iron. By means of this instrument it is possible 
to det. 0.002 mg. of Fe dissolved in 0.1 cc. with an accuracy of 0.4 of 1 j)er 
cent of the total amount present. 

Elvehjem, C. A. and Hart, E. B., J. Biol. Chem. 67, 49 (1926). Use KCNS for 
the determination of Fe in biological materials. 

Smirk, F. H., Biochem. J. 21 , 36 (1927); C. A. 21, 2143 (1927). Micro- 
estimation of iron in blood. The blood proteins are oxidized by NH 4 persul 
fate and HNO3, and the Fe then determined colorimetrically as thiocyanate 
in the presence of acetone, against an artificial color standard. 

Lorber, L., Biochem. Z. 181, 391 (1927); C. A. 21 , 2237 (1927). Uses sulfo- 
salicylic acid in the presence of an excess of NH 4 OH. 

Lyons, E., J. Am. Chem. Soc. 49 , 1916 (1927). Uses thioglycolic acid. Will 
detect iron in dilutions up to 1 : 10 , 000,000 and is independent of the state 
of oxidation of the iron. Really a test for ferrous iron but the reagent 
promptly reduces any ferric iron to tiie ferrous state. 

Isobutyl Alcohol. 

Rocques, X., Ann. chim. anal. 2 , 221 , 222 ; Analyst 22 , 285 (1897). 
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Lactic Acid. 

Ryffel, J. H., J. Physiol. 39, V (1909-10). A new method for the estimation 
of lactic acid in urine. Urine steam distilled with a little over 50 per cent 
H2SO4 which converts the lactic acid quantitatively to acetaldehyde accord- 
ing to the equation : CH3 • CHOH • COOH -4 CH3 • CHO H • COOH. Acid 
distillate made just alkaline, distilled, and Schiff’s reagents added to the 
distillate. 

Maver, M. E., j. Biol. Chem. 32, 71 (1917). The Schneyer method for the 
determination of lactic acid in urine. Ryffcl’s method. 

POLONOWSKI, Compt. rend. soc. biol. 83, 475 (1920); J. pharm. chim. 21, 
449 (1920); J. Chem. Soc. 118, ii, 453 (1920); C. A. 14, 3434 (1920). Col- 
orimetric estimation of lactic acid in urine. Uses concentrated II 2 SO 4 and 
1 per cent codeine in alcohol. Yellow coloration obtained. 

Mendel, B. and Goldsciieider, L, Klin. Wochschr. 4, 1502 (1925); Biochem. 
Z. 164, 163 (1925). A colorimetric micro-method for the quantitative esti- 
mation of lactic acid in blood. “The protein is removed from 1 cc. of oxal- 
ated blood with HPO3. Glucose is removed with CuSOi and Ca(OH).., 
The clear filtrate is heated with coned. H 2 S 04 which converts lactic acid into 
CH3CHO. The addn. of veratrole gives a color whose intensity is directly 
proportional to the amt. of lactic acid originally present. Details are given.” 
Milton Hanke, C. A. 19, 3504 (1925). 

Morgulis, S. and Barkus, 0., J. Biol. Chem. 66, 1 (1925). 

Lactose. 

Autenrieth, W. and Funk, A., Miinch. mcd. Wochschr. 68 , No. 32, 1911; 
Chem. Zentr. 1911, II, 1382; Analyst 36, 592 (1911). Colorimetric estima- 
tion of lactose in urine and in milk. 

Folin, 0. and Denis, W., J. Biol. Chem. 33, 521 (1918). The determination 
of lactose in milk. Use picric acid. Cf. Dehn and Hartman, J. Am. Chem. 
Soc. 36, 404 (1914). 

Pacini, A. J. P. and Russell, D. W., J. Biol. Chem. 34, 505 (1918). A method 
for the colorimetric determination of lactose in milk. Based on the Lewis- 
Benedict method for sugar in blood. 

Bock, J., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 41, xiv (1920). Note on 
the colorimetric determination of lactose. Picric acid method. 

Owen, R. G. and Gregg, R., J. Lab. Clin. Med. 6 , 220 (1920-21); C. A. 16, 
1033 (1921); Analyst 46, 286 (1921). 

SjoLLEMA, B. and Van der Zande, J. E., J. Biol. Chem. 63, 513 (1922). On 
abnormal milk and on the influence of an aseptic udder inflammation on the 
composition of the milk. Lactose by I'olin-Dcnis method. 

Bierman, H. R. and Doan, F. J., J. Dairy Sci. 7, 381 (1924). Colorimetric 
picric acid method for determining lactose. A modification of the Folin and 
Denis method for removal of fat and protein. 

Lamp, Daylight. 

Singleton, W., Chem. News 124, 350 (1922); Analyst 47, 424 (1922). 
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Lead. 

Miller, W. A., J. Chcm. Soc. 18, 129 (1865). Uses ILiS for ihc determinal ion 
of Pb in potable waters. 

Muir, M. M. P., Chem. News 33, 11 (1876). Uses H^S. 

Bischof, G., Z. anal. Chcm. 18, 75 (1879). 

Harvey, S., Analyst 6, 146 (1881). Uses K2Cr207 for the detection of Pb in 
potable waters. 

Allen, A. H., Analyst 9, 194 (1884). Notes on the estimation of lead in 
aerated waters. Uses lUS and confirms the presence of Pb by K2Cr04. 

Cooper, A. J., J. Soc. Chcm. Ind. 6, 84 (1886). Note on the detection of metals 
in drinking water. Gives a table showing the delicacy of the following tests: 
K4Fe(CN)6, NH4OH, and H2S tests for Cu; (Nll4)2S for Zn; H2S test fur 
As; K2Cr04 and lUS tests for Pb. 

Harvey, S., Analyst 16, 68 (1890). Uses KiOiO:. 

Teed, F. L., Analyst 17, 142 (1892). The detection and estimation of minule 
quantities of lead in the presence of copper and iron. Uses (NH4)2S. d'est 
solution made ammoniacal and (NH4)2S added. If Cu likely to be present add 
KCN before adding (NH4)2S. 

Warington, R., j. Soc. Chem. Ind. 12, 97, 222 (1893). On the detection and 
estimation of lead in tartaric and citric acids. Adds glycerol to give a clear 
PbS suspension when H2S is added. 

Budden, E. R. and Hardy, H., Analyst 19, 169 (1894); J. Chem. Soc, G6, ii, 481 
(1894). See the abstract of this paper given under Copper. * 

Budden, E. R. and Hardy, H., Analyst 21, 12 (1896). Note on the estimation 
of minute quantities of metals in liquids. Find the colorimetric methods 
preferable to electrolytic methods for testing beverages for metals when 
several are present. Metals tested: Cu, Pb, Hg. 

Lucas, M., Bull. soc. chim. 16, 39 (1896); J. Chem. Soc. 72, ii, 125 (1897); 
J. Soc. Chem. Ind. 16, L34 (1896). Method for determining very small 
amounts of Pb in alloys. Pb separated on anode as PbO2(0.3 ampere and I 
volts) and the oxide dissolved in 1 cc. HNO3 containing HNO2 obtained I y 
electrolysis of HNOj, Neutralize with NaOH, dilute to 50 cc. and add 5 drojH 
of (NH4)2S. Compare the color with a standard containing same quantity 
of NaNOa and (NH4)2S and different amounts of Pb(N03)2. 

Lucas, M., J. pharm. chim. 3, 459 (1896); J. Soc. Chem. Ind. 16, 473 (1896). 
Found the sulfide method more sensitive than chromate or iodide methods, 
but affected by the presence of alkalies or neutral salts and varies with lapse 
of time due to agglomeration of the particles. 

Berntrop, j. C., Chcm.-Ztg. 20, 1020 (1896); Analyst 22, 110 (1897); J. Soc. 
Chem. Ind. 16, 66 (1897). Detection and estimation of minute traces of lead 
in waters. Adds IGS to the acidified solution of the sample. 

Liebrich, a., Chem.-Ztg. 22, 225 (1898); J. Chem. Soc. 76, ii, 58 (1899). Esti- 
mation of traces of lead in water. Concentrate one, or more, liters of water, 
acidify with HAc, precipitate with H2S, ignite the precipitate and convert into 
PbS04 by heating with a drop each of sulfuric and nitric acids. Filter and 
dissolve the rbS04 in a few cubic centimeters of 10 per cent aqueous KOH, 
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dilute to 20 cc., mix with 2 cc. of freshly prepared ammonium sulfide, and com- 
pare with that of standards of PbSOi in aqueous KOH solution. Standard 
should contain 1 mg. Pb per cubic centimeter. Measured amounts are diluted 
to 20 cc. 

JtENNETT, C. T., Chemist and Druggist 64, 633, 815 (1904); Analyst 29, 195 
(1904); J. Soc. Chem. Ind. 23, 624 (1904). Estimation of lead in citric and 
tartaric acids, and in cream of tartar. Adds NajS to an ammoniacal solution 
of the test substance. 

Egkling, C. G., Pharm. Wcekblad 44, 338 (1907); J. Chem. Soc. 92, ii, 398 
• (1907); Apoth.-Ztg. 22, 275. Colorimetric estimation of lead in drinking 
water. Review of existing methods and description of a KjCrOi method. 
MomxT, M. R. and Spiro, H. S., Chem.-Ztg. 31, 639 (1907); J. Chem. Soc. 

92 ii 653 (1907). Colorimetric estimation of lead in drinking water. 0.5-1 
cc.* Hematin (0.5 g./l.) solution gives a blue coloration. One part of Pb in 
2 million parts of water can be recognized. Cu, Zn, and Fe should be absent. 
WouDSTRA, H. W., Z. anorg. Chem. 68 , 168 (1908). On the accuracy of the 
colorimetric determination of lead. Some useful data on the colorimetric 
determination of Pb as PbS suspension. 

Tatlock, R. R. and Thomson, R. T., Analyst 33, 173 (1908). Lead in cream 
of tartar, tartaric acid, and citric acid. 

KiliiN Arbeiten aus dem Kaiserlichcn Gesundheitsamte Berlin 23, p. 390; 
from H. W. Woudstra, Z. anorg. Chem. 68 , 168 (1908). Rejects the PbS 

colorimetric method as inaccurate. v ^ . 

Wilkie, J. M., J. Soc. Chem. Ind. 28, 636 (1909); C. A. 3, 2280 (1909). Colori- 
metric determination of lead in the presence of iron with some notes on the 
preparation of lead-free reagents by co-precipitation with ferric hydroxide. 

Alkaline sulfide method used. t i on / c i 

IlARCOURT, A. G. V., J. Chem. Soc. 97, 841 (IIIO); J. Soc. Chem. Ind. 29, 6.S1 

(1910). Adds sugar to prevent precipitation and then adds 

SCHERINGA, K., Pharm. Wcekblad 47, 1212 (1910); J. Chem, Soc. «M, 1112 
(1910). Colorimetric estimation of lead in ixitable water. Uses K.CrO. 
Knapp, A. W., J. Soc. Chem. Ind. 30, 165 (1911); Z. ana . Chem. 61, 587 (1912)^ 
The estimation of smaU quantities of lead in beer. Uses HAc solution of the 
sample and adds H 2 S. a r 

Heim, F. and Hebert, A., Bull. soc. pharmacolog. 16, 272; C. A. 6, 

Detection and determination of lead in the dust and vapor of work shops .n 

EEstN'aSttarm. J. 89, 143, 176; C. A. 6 , 2902 (1912). Note on the 
determination of lead in chemicals. PbS suspension obtained by adding 

IDS to the solution acidified with HAc. c 

Winkler, L. W., Z. angew. Chem. 26, 38 (1913); J. Chem. “ ' ’ ’ 

(1913); T. Soc. Chem. Ind. 32, 157 (1913). Detection and cotorimetrm 
estimation of lead, copper, and nine in potable water Uses Na,S for Pb, 
K.Fe(CN). and KIICO, for Cu and » ^ ^ 3 ^ 3 , 

Autenrieth, W. and Funk, A., Z. anal. Chem. ^ ^ . 

(1913). Colorimetric methods for water analysis by the use of the Auten- 
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rieth-Koenigsbcrger colorimeter. Details are given for the estimation of 
NH 3 , HNO 2 , HNO 3 , Fe, Pb, and H,S. 

Meerburg, P. a., Chem. Weekblad 10, 753; C. A. 8, 2324 (1914). The quan- 
titative estimation of small quantities of lead dissolved from vessels containing 
lead silicate. Two methods: (1) Based upon turbidity caused by adding a 
drop of 10 per cent KjCraO; solution. Unreliable. (2) A volumetric pro- 
cedure. Satisfactory. 

Siegfried, M. and Pozzi, W., Biochem, Z. 61, 149 (1914); J. Soc. Chem. Ind. 
33, 504 (1914). Use gum arabic and H 2 S. 

Fauconnier, P., Bull. soc. pharm. Bordeaux, 63, 530; C. A, 8, 3650 (1914). 
Adds a few drops of 10 per cent KCN and 10 per cent Na 2 S and compares the 
brownish yellow color with that of standard solutions. 

Ivanov, V. N., Chem.-Ztg. 38, 450; C. A. 8, 2132 (1914). Method for Ph in 
water analysis. 50 cc. water are mixed with an equal volume of NaHSO,, 
(2 per cent solution). Pb gives a milky turbidity. If this forms at end of a 
few minutes the Pb content is about 1 part in 1 million parts of water. Cu, 
Ag, Ni, Fe, Al, Mg, and Ca have no influence on the reaction. Ba and Sn 
should be absent. Sensitiveness of reaction 1 in 20 millions. 

Breteau, P. and Fleury, P., J. pharm. chim. 10, 265 (1914); C. A. 9, 772 
(1915). Determination of small quantities of lead in tinning baths, tinned 
goods and solders. 

Reese, C. and Drost, J., Z. angew. Chem. 27, 307 (1914); Z. Nahr. Genussni. 
28, 427 (1914); J. Chem. Soc. 106, ii, 550 (1914); J. Soc. Chem. Ind. 33, 
661 (1914). Colorimetric estimation of lead and copper in potable water. 
Acidify with HAc and add H 2 S. 

Fauconnier, P., Ann. chim. anal. 20, 126 (1915); from Bull. soc. pharm. Bor- 
deaux, 1914; J. Chem. Soc. 108, ii, 581 (1915). Detection and estimation of 
lead in animal organs. Forms a PbS suspension in the presence of KCN. 

Meldrum, R., Chem. News 117, 49 (1918); J. Chem. Soc. 114, ii, 83 (1918); 
C. A. 12, 839 (1918); see further, J. Soc. Chem. Ind. 1918, March. Indenti- 
fication and estimation of lead in water. Uses H^S and HAc. 

Morgan, W. V., J. Ind. Eng. Chem. 11, 1055 (1919); C. A. 14, 258 (1920). A 
colorimetric determination of lead dioxide in litharge. Aniline oxidized to 
aniline purple. 

Warren, B. W. J., Analyst 44, 199 (1919); Chem. News 119, 10 (1919); C. A. 
13, 2092 (1919); J. Soc. Chem. Ind. 38, 510A (1919). Estimation of small 
quantities of lead in food and substances containing calcium phosphate. 
Uses H 2 S and HAc. 

Snell, F. D., Colorimetric Analysis, p. 60, D. Van Nostrand Co., New York, 
1921. Determination of lead as the sulfide. 

Avery, D., Hemingway, A. J., Anderson, V. G. and Read, T. A., Proc. Aus- 
tralasian Inst. Mining & Met. 1921, p. 173; J. Chem. Soc. 122, ii, 161 
(1922) gives long abs.; C. A. 16, 601 Cl922); J. Soc. Chem. Ind. 41, 154A 
1922). Estimation of minute amounts of lead in water, with notes on certain 
causes of error. Uses (NHdaS. Possible to estimate 1 part of Pb in 100,000,- 
000 parts of water. 
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Thresh, J. C., Analyst 46, 270 (1921); J. Soc. Chem. Ind. 40, 627A (1921). 
Determination of Pb in water. 

Miller, J., Analyst 48, 263 (1923); C. A. 17, 3004 (1923). The estimation of 
.lead in acid calcium phosphate (cream powder). Pb transformed into 
Pb(NOs)2, solution made very faintly ammoniacal, 1 cc. of 10 per cent KCN 
and 2 drops NaiS solution added, and color compared with a standard made 
in a similar way. 

Jarvinen, K. K., Z. Nahr. Genussm. 46, 183 (1923); J. Chem. Soc. 124, ii, 
655 (1923). Colorimetric estimation of small quantities of metals in food- 
stuffs and the preliminary destruction of the organic matter. Details for the 
destruction of the organic matter are given and for the estimation of Sn and 
Pb in the presence of one another, Cu and Zn in the presence of one another, 
Al, Ni, As, and Sb. Use H2S or Na2S. 

Andrew, R. I., Chem. News 127, 393 (1923). The colorimetric estimation of 
lead in cream of tartar. Uses KCN, NIUOH, and Na2S. 

Thresh, J. C., Analyst 49, 124 (1924); C. A. 18, 1627 (1924); J. Soc. Chem. Ind. 
43, B350 (1924). The estimation of lead in potable waters and in urine. 
Uses gelatine, acid solution and H2S. 

Andrew, R. L, Analyst 49, 129 (1924); C. A. 18, 1628 (1924). The colori- 
metric estimation of lead in cream of tartar. Uses KCN, NH 4 OH, and Na2S. 
Allen’s Commercial Org. Anal., 4th cd., recommends clarifying a solution by 
passing through animal charcoal. This must not be done since 0.5 g. charcoal 
will adsorb 1 mg. Pb. 

Pyriki, C., Z. anal. Chem. 64, 325 (1924); J. Chem. Soc. 126, ii, 702 (1924); C.A. 
19, 450 (1925); Analyst 49, 491 (1924); J. Soc. Chem. Ind. 43, B845 (1924). 
Colorimetric determination of small quantities of lead and copper in drinking 
water. Uses Winkler’s sulfulc method. 

Scott, W. W., Chem. News 131, 17 (1925); J. Soc. Chem. Ind. 44, B654 (1925). 
“Digest 10 g. of baking powder with 200 cc. coned. H2SO4 and 5-10 g. K2SO4 
to destroy org. matter and remove the sol. salts by washing by decantation 
with a soln. of 50 cc. H2SO4 and 100-200 cc. ale. per 1. Dissolve the residue 
in hot NH4OAC soln., and det. J’b colorimelrically as sulfide by adding H2S 
or a sol. sulfide. If Cu is suspected, add 1 cc. of 10 per cent KCN. In the 
absence of gelatinous org. matter, Fe^ *■, Al and P2O5, the material may be 
extd. directly with NH4OAC soln. With AcOH, tartaric or citric acid, add 
an excess of Nils, and then (NH4)2S. With a 10-g. sample the delicacy is 
0.01-0.0005 per cent. To det. Pb in water, evap. 5 1. to about 300 cc., add 
10-15 cc. of 10 per cent Al2(S04)3, 5-10 cc. dil. II2SO4, and 25 cc. of coned, aq. 
NHs, heat to boiling, let settle till almost cold, filter, and det. Pb in the ppt. 
A. Papineau-Couture, C. A. 19, 2921 (1925). 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., pp. 282-285, 
D. Van Nostrand Co., New York. 1925. Uses Na^S. 

Standard Methods for the Examination of Water and Sewage, 6 ed., p. 53, 
American Public Health Association, New York, 1925. Uses HAc, NHiAc, 
and HjS. 
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Clarke, W. F., J. Assocn. Official Agr. Chem. 9, 364 (1926); C. A. 21 , 282 
(1927). Determination of lead in foods. 

Klostekmann, M., Naturwissenschaften 14, 1116 (1926); C. A. 21, 933 (192)) 
Determination of lead in organic materials. Colorimetric estimation of Pbpj 
was accomplished by means of tetramethyldiaminodiphenylmethane, which 
on oxidation gives a blue coloration. The sensitivity is about 0.005 mg. 
Necke, a., Schmidt, P. and Klostermann, M., Deut. med. Wochschr. 62 
1855 (1926). The determination of minute quantities of lead. “Minute 
quantities of Pb in the tissues of animals may be detn. colorimetrically. All 
org. matter is first destroyed with fuming HNO3 and HaSO^. The Ph, Fe 
Mn and Cu are pptd. by H 2 S and collected on a filter. After removal of the 
Fe and Mn by ale. and H 2 SO 4 , and of the Cu by KCN, the PbS is dissolved 
and oxidized by NaOCl. After filtration, tetramethyldiaminodiphenylme- 
thane in AcOII soln. is added and the blue color formed is compared with a 
known standard.” A. Grollman, C. A. 21 , 1284 (1927). 

Bernouilli, A. L., Helv. Chim. Acta. 9, 827 (1926); C. A. 21, 30 (1927). The 
sliding-gage colorimeter and the determination of minute quantities of 
ammonia, nitrite, lead, and iron. By means of this instrument it is possible 
to dct. 0.002 mg. of Fe dis.solved in 0.1 cc. with an accuracy of 0.4 of I per 
cent of the total amount present. 

Kehoe, R, A., P:dgar, G., Tiiamann, F. and Saunders, L., J. Am. Med. 
Assocn. 87, 2081 (1926). The excretion of lead by normal persons. Deter- 
mine lead in urine and in feces. The lead is separated as chromate and then 
determined colorimetrically l}y means of a 1 per cent solution of pure i-di- 
phenyl carbazide in glacial acetic acid. 

Lecithin. 

Dubin, H., j. Biol. Chem. 33, 377 (1918). Studies of the blood fat and lipoids 
of the dog before and after the production of experimental anemia. Nci)hc- 
lomctric and colorimetric methods of Bloor. 

Herzfeld, E., Schweiz, med. Wochschr. 63, 797 (1923); Chem. Zentr. 1924, i. 
2804; J. Chem. Soc. 126, ii, 796 (1924). Method based on turbidity produced 
by adding a mixture of phosphotungstic acid and HCl to a dilute ethyl alcohol 
extract of the substance. 

Grigaut, a., Z. biol. Ges. 91, 1014 (1924). Colorimetric method for lecithin 
determination in blood. 

DeToni, G. M., j. Biol. Chem. 70, 207 (1926). 

Levulose. 

Okey, R., j. Biol. Chem. 38, 33 (1919). Studies on the behavior of inulin in 
the animal body. Application of the Benedict method to the estimation of 
levulose and inulin. 

Licopin. 

Connell, S. J. B., Biochem. J. 18, 1127 (1924); J. Chem. Soc. 128, i, 214 (1925). 
Uses a Stanford colorimeter and standard solutions of K 2 Cr 207 and CoSO< 
(Ni-free). Error less than 1 per cent. 
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Lipoids. (See Lecithin.) 

Magnesium. 

Schreiner, 0. and Ferris, W. S., J. Am. Chcm. Soc. 26, 961 (1904); J. Soc. 
Chem. Ind. 23, 911 (1904). Mg precipitated as MgNH 4 r 04 , dissolved, and 
NH 4 phosphomolybdate formed and matched against a standard. From 
the amount of PO 4 thus determined the amount of Mg is calculated. 

Marriott, W. McK. and Howland, J., J. Biol. Chcm. 32, 233 (1917). A micro 
method for the determination of calcium and magnesium in blood serum. 
The methods depend upon the fact that solutions of ferric thiocyanate arc 
decolorized by oxalates and phosphates. Calcium is precipitated as the 
oxalate and magnesium as the ammonium magnesium phosphate; the precipi- 
tates are dissolved in acid and added to solutions of ferric thiocyanate, the 
degree of decolorization resulting being determined by comparison in small 
Nessler tubes. 

Kramer, B. and Tisdall, F. F., J. Biol. Chem. 47, 475 (1921); Proc. Am. Soc. 
Biol. Chem., J. Biol. Chem. 46, xl (1921). Johns Hopkins Hospital Bull. 32, 
46 (1921). A simple technique for the determination of calcium and mag- 
nesium in small amounts of serum. Use Fc(CNS) 3 . 

Kramer, B. and Tisdall, F. F., J. Biol. Chem, 48, 228 (1921). Use Fe(CNS) 3 . 

Snell, F. D., Colorimetric Analysis, p. 86, I). Van Nostrand Co., New York, 
1921. Magnesium by determination of the phosphate as phosphomolydatc. 

Briggs, A. P., Proc. Am, Soc. Biol. Chem., J. Biol. Chem. 60, xlviii (1922). 
Uses phosphomolybdic acid. 

Hammett, F. S. and Adams, E. T., J. Biol. Chcm. 62, 211 (1922); C. A. 16, 
2342 (1922); J. Soc. Chem. Ind. 41, 612A (1922). A modification of the 
Kramer and Tisdall method. Suitable for urine, blood, and tissue extracts. 
Mg separated as MgNH 4 r 04 , dissolved in HCl and P estimated colorimetri- 
cally by the Bell and Doisy method. 

Briggs, A. P., J. Biol. Chcm. 62, 349 (1922); C. A. 16, 2701 (1922). Uses 
hydroquinone upon MgNH 4 P 04 . 

Denis, W., J. Biol. Chem. 62, 411 (1922). The determination of magnesium in 
blood, plasma, and scrum. 

Hammett, F. S. and Adams, E. T., J. Biol. Chem. 64, 565 (1922); C. A. 17, 943 
(1923); Analyst 48 , 92 (1923). Use the Bell-Doisy reaction. MgNILPO, 
separated by centrifugation instead of filtration. 

Gk£goire, a. and Sola, T., Bull. soc. chim. Belg. 32, 131 (1923); C. A. 17, 
1931 (1923); J. Soc. Chem. Ind. 42, 427A (1923); Z. anal. Chem. 64, 342 
(1924). Mg oleate formed and color compared with a standard solution. 

Bogert, L. j. and Plass, E. D., J. Biol. Chcm. 66, 297 (1923). Mg as ammo- 
nium magnesium phosphate with hydroquinone and molybdate solutions. 

CoLLip, J. B. and Clark, E. P., J. Biol. Chem. 64, 485 (1925). Use Brigg’s 
method. • 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 ed. 
P. Blakiston’s Son and Co., Philadelphia, 1926. Determination of magnesium 
in serum, pp. 410-411. 
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Kramer, B. and Howland, J., J. Biol. Chem. 68, 715 (1926). Detcrminaiion 
of Mg in bone. 

Manganese. 

Crum, W., Ann. 66, 219 (1845). Suggests the use of PbOj in HNO3 solution 
but gives no details. 

IIoppe-Seyler, j. prakt. Chem. 90, 303 (1863). Proves spectroscopically that 
the color formed by Pb02 is due to permanganate. 

PiciiARD, P., Compt. rend. 76, 1821 (1872); Dinglcr’s polytech. J. 207, K>6 
(1873); Chem. News 27, 85 (1873); Bull. soc. chim. [2], 19, 253; Z. anal. 
Chem. 12, 308; J. Chem. Soc. 26, 407; Chem.-techn. Rep. 12, a, 195. Uses 
rb 02 in HNO 3 solution, and gives details of method. 

Brunner, A., Oesterr. Z. Berg.-IlULtenw. 21, 341 (1873); Chem. Zentr. 1873, 
757; Bull. soc. chim. [2], 21, 278; J. Chem. Soc. 27, 604, 816; Chem.-lechn. 
Rep. 12, b, 196; Wagner’s Jahresber. 20, 10; Polytech. Centr. 1873, 1367; 
Dingler’s poly tech. J. 210, 278. Schnell durch fiihrbarc colorimetrischc 
Probe auf Mangangehalt des Roheisens, Stahls, Eisens, und Erz. Converts 
Mn to sodium manganate by fusion with NaOH and compares solution with 
standards. 

Koppmayer, M., Dingler’s polytech. J. 211, 133 (1874); Chem. Zentr. 1874, 
138; J. Chem. Soc. 27, 1009; Polytech. Centr. 1874, 395. Ueber A. Brun- 
ner’s colorimctrische Probe auf Mangangehalt des Stahls, Eisens, und Erz. 
Says the method is valueless. 

Morrell, T. T., Am. Chemist 6, 213 (1874-75). Mn precipitated from an 
anirnoniacal solution by bromine. KI and IICI then added. MnOa dis- 
solves yielding an iodine solution which has the same depth of color for the 
same amount of Mn02 and the same dilution. On a 1-g. sample, as little as 
0.001 per cent of Mn tints the solution. Standard MnCE solutions give 
results differing by only 0.003 per cent. 

Morrell, T. T., Am. Chemist 6,- 45 (1875-76). Estimation of manganese in 
spiegeleisen. Method .same as reix)rted by M. in Am. Chemist 6, 2 13 (1874-75). 
Error not over 0.25 per cent. 

Peters, S., Chem, News 33, 35 (1876); Dingler’s polytech. J. 221, 486; J. Chem. 
Soc. 29, 750; Wagner’s Jahresber. 22, 19; Chem.-tech. Rep. 16, 480. On the 
estimation of manganese in iron and steel. Uses lead peroxide. 

Desha yes, V., Bull. soc. chim. [2], 36, 121 (1881). 

Ledebur, A., Oesterr. Z. Berg.-Huttenw. 41, 417 (1882); Chem. Zentr. 13, 
733 (1882); Z. anal. Chem. 22, 607 (1883); Ber. 16, 2926; Wagner’s Jahres- 
ber. 29, IS; Stahl u. Eisen 2, 626; Rep. anal. Chem. 2, 346; J. Chem. Soc. 
44, 242; J, Soc. Chem. Ind. 2, 249; Techn.-Chem. Jahrb. 6, 11; Dingler’s 
polytech, J. 248, 215; Chem.-techn. Rep. 21, b, 211. Uses Pb02. 

Goetz, Dinglcr’s Polytech. J. 248, 215 (1883). Uses lead peroxide. 

Osmond, M., Bull. soc. chim. [2], 43, 66 (1885); Chem. Zentr. 1886, 234; J. Iron 
Steel Inst. London 1886, a, 275; J. Chem. Soc. 48, 690; Z. anal. Chem. 26, 
552; Chem. Ind. 8, 119; Wagner’s Jahresber. 31,15; Dingler’s polytech. J. 267, 
201; Arch. Pharm. 223, 285; Chem.-techn. Rep. 24, 249. Determination of 
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Mn by means of PbOj in the presence of metaphosphates and nitric acid. 
The PbOj may be replaced by a current of ozonized oxygen. 

Cheever, B. W., Trans. Am. Inst. Mining Eng. 16, 102 (1886); J. Iron Steel 
Inst. London 1886, b, 736; J. Anal. Chem. 1, 88. Colorimetric estimation 
of manganese in steel. Criticisms of the lead peroxide-nitric acid method. 

Hunt, A. E., Trans. Am. Inst. Mining Eng. 16, 104 (1886); J. Iron Steel Inst. 
London 1886, b, 1020; J. Anal. Chem. 1, 89. The estimation of manganese 
in iron and steel. Uses lead peroxide and nitric acid. 

Babbitt, H. C., Am. Chem. J. 9, 58 (1887); see also J. Anal. Chem. 1,331 (1887). 
Determination of manganese in steel and iron. Uses Pb 304 . 

Morgan, J. J., Chem. News 66, 82 (1887); Chem. Zentr. 1887, 1268; Z. Chem. 
Ind. 1887, b, 246; Chcm.-Ztg. Rep. 11, 219; J. Chem. Soc. 62, 1140; Wag- 
ner’s Jahresber. 33, 271; J. Anal. Chem. 1, 418; Iron 30, 312; Tech.-chem. 
jahresber. 10, 16. Uses PbOa in HNOa solution for the determination of Mn 
in iron and steel. 

Cheever, B. W., J. Anal. Chem. 1, 176 (1887). Conversion of manganese 
into permanganic acid. A stu<ly of the action of PbOj in HNO 3 solution. 

Rossi, A. J., Iron Age 47, 528; J. Iron Steel Inst. London 1891, a, 443; 1892. 
a, 491; Stahl u. Eisen 11, 927; Wagner’s Jahresber. 37, 147. Uses sodium 
metaphosphatc in the determination of Mn in iron, steel and cast iron. 

Parry, J. and Morgan, J. J., Chem. News 67, 295 (1893); Ind. and Iron 1893, 
379; Stahl u. Eisen 13, 898; School Mines Quart. 16, 64. 

Reddrop, j. and Ramage, IL, J. Chem. Soc. 67, 275 (1895). The use of sodium 
bismuthate is suggested. 

Forestier, H., Bull. soc. chim. [3], 13, 587 (1895). Uses lead peroxide or 
bismuth tetroxide. 

Mignot, A., Rev. chim. anal. appl. 4, 329, 390 (1896); Chem.-Ztg, Rep. 20, 
234, 275. Uses lead peroxide or bismuth tetroxide in HNO 3 solution. 

Auchy, G., j. Am. Chem. Soc. 18, 498 (1896); Chem. Zentr. 1896, b, 208; 
Chem. News 74, 214, 248, and 262; J. Chem. Soc. 70, ii, 627; School Mines 
Quart. 18, 43; Eng. Mining J. 61, 111; J. Soc. Chem. Ind. 16, 677; Analyst 
21, 335. Sources of error in volumetric and colorimetric determinations of 
Mn in steel. 

Lemaire, M., Bull. soc. pharm. Bordeaux 1897, 268; Chem. News 76, 219 
(1897); Ann. chim. anal. chim. appl. 2, 409. Determination of Mn in plants. 
Uses Pb02 and HNO3. 

Schneider, L., Chem.-Ztg. 21, 41 (1897); Chem. Zentr. 1897, a, 436; J. Iron 
Steel Inst. London 1898, a, 534; J. Chem. Soc. 74, ii, 94; Analyst 22, 110. 
Makes reference to colorimetric methods for determining Mn by oxidation 
to permanganic acid. 

Pichard, P., Compt. rend. 126, 550 (1898); Chem. Zentr. 1898, a, 753; Chem. 
News 77, 108; Chcm.-techn. Rep. 37, 286; J. Soc. Chem. Ind. 17, 27.1; Ann. 
chim. anal. chim. appl. 3 , 123; Z. 'anal. Chem. 44 , 449 (1905). Uses lead 
peroxide and nitric acid. 

Dufty, L., Chem. News 84, 248 (1901). Gives full directions for the use of 
sodium bismuthate. 
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Marshall, H., Chem. News 83, 76 (1901); J. Chcm. Sue. 80, ii, 350 (ojod 
U ses K or NHi persulfate. 

Walters, H. E., Chem. News 84, 239 (1901); Proc. Eng, Soc. West. Penn. ^ 
257 (1901). Ammonium persulphate as a substitute for lead peroxide in the 
colorimetric estimation of manganese. 

Walters, H. E., Age of Steel, Nov. 1901, p. 23. Uses Pb02 and NHi ])ersul. 
fate-AgNOs methods. 

Talbot, H. P. and Brown, J. W,, A Bibliography of the Analytical Chemistry 
of Manganese 1785-1900, Smithsonian Miscellaneous Collections No. 1313, 
Washington, 1902. The above references were checked against the colori- 
metric references given by T. and B. and several added which had heeii 
omitted. Also, a number of references to abstracts of papers listed above 
were added from the T. and B. Bibliography. 

Malette, j., La Revue technique 26, 327 (1903); through Chem.-Ztg. Rep. 
27, 267 (1903); Analyst 28, 371 (1903); J. Soc. Chem. Ind. 22, 1209 (1903). 
Colorimetric estimation of manganese in steel. Uses Pb02 or Pl)30i. 

Clennell, j. E., Eng. Mining J. 78, 827 (1904). Uses PINOs and PbO. in the 
determination of Mn in cyanide solutions. 

Croner, F., Gesundh. Ing. 28, 197 (1905); Chem. Zentr. 1906, II, 74. 

Tarugi, N., Gazz. chim. ital. 36, I, 332 (1906); J. Soc. Chem. Ind. 25, 911 
(1906). 0.xidizcs Mn to colored form in alkaline glycerine solution by air or 
hypochlorite, Will indicate as little as O.OeS gram of Mn. 

LtiiiRlo, H. and Becker, W., Pharm. Zentralhalle 48, 137 (1907). Estimation of 
manganese in water. Tried several methods. Knorre’s [Z. angew. Chem. 
14, 1149 (1901)] method found best, K. uses K persulfate used by Marshall 
(J. Chem. Soc. 69, 771T (1891)]. Mn02 estimated either gravimetrically or 
volumetrically. L. and B. found 0.0001 gram Mn per liter gave a pink colora- 
tion when a modification of Marshall’s process was used. 

Duyk, M., Ann. chim. anal. chim. appl. 12, 465 (1907); J. Soc. Chem. Ind. 27, 
248 (1908). Oxidizes Mn to MnOi in slightly alkaline solution by hypochor- 
ite, using CuSO^ as catalyzer. 

Holland, P., Chem. News 96, 3 (1907). Uses persulfate and silver nitrate. 

Weston, R. S., J. Am. Chem. Soc. 29, 1074 (1907); (diem. News 97, 3 (1908). 
The determination of manganese in water. Uses Na bismuthate and filters t he 
oxidized solution through a thoroughly washed asbestos filter in a Gooch 
crucible. 

Klut, IL, Mitt. kgl. Priifungsanstalt Wasserversorgung und Abwasserbeseiti- 
gung 12, 183; Z. anal. Chem. 60, 726 (1911); C. A. 4, 1071 (1910). Mentions 

■ almost all the methods for the determination of Mn in water. For quanti- 
tative work he recommends the rb 02 colorimetric method according to 
Volhard and Treadwell. 

Schmidt, M.R.J. Am. Chem. Soc. 32, 965 (1910); C. A. 4,3054 (1910); J.Soc. 
Chem. Ind. 29, 1085 (1910). Colorimetric determinations of manganese in 
the presence of iron. Method is applied to the determination of sniali 
amounts of Mn in pharmaceutical preparations. Makes use of Waller’s 
method, Chem. News 84, 239 (1901). 
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DuMiTRESCU and Nicolau, Ann. fak 3, 370, 407 (1910). Use persulfate with a 
drop of Co(N03)2. 

RonENBURG, J., Chcm. Weckblad 7, 877 (1910); Chem. Zentr. 1910, 11, 1504. 
Uses persulfate and silver nitrate. 

I’randl, 0. and Civetta, A., Staz. sper. agrar. ital. 44, 58 (1911). Use PbOa. 
Gottfried, A., Pharm. Zentralhallc 1911, 788; Pharm. J. 87, 276 (1911); J. 
Soc. Chcm. Ind. 30, 1080 (1911). Determination of manganese in honey. 
Uses NIC persulfate and AgNO*. 

Bertrand, G., Bull. soc. chim. [4] 9, 361 (1911); J. Soc. Chem. ind. 30, 650 
(1911). Uses K persulfate and silver nitrate. 

Gortner, R. a. and Rost, C. 0., J. Ind. Eng. Chem. 4, 522 (1912); Z. anal. 
Chem. 62, 586 (1913). Use sodium bismuthate and indicate objections to 
persulfate. 

The Chemist’s Committee of the U. S. Steel Corporation, J. Ind. Eng. Chcm. 4, 
807 ( 1912 ). Uses ammonium persulfate and silver nitrate. 

Haas, E., Z. Nahr. Genussm. 26, 392 (1912); J. Soc. Chem. Ind. 32, 447 (1913). 
Uses persulfate and silver nitrate. 

Stanichitcii, Rev. metal. 8 , 891; C. A. 6 , 1264 (1912); J. Soc. Chem. Ind. 31, 
75 (1912). Rapid colorimetric determination of manganese in iron and steel 
by means of ammonium persulfate. 

Dittrich, M., Z. anorg. Chem. 80, 171 (1913); J. Chem. Soc. 104, ii, 344 (1913); 
J. Soc. Chem. Ind. 32, 383 (1913). The estimation of small (luanlities of 
manganese and chromium in minerals and rocks. Uses NH, persulfate and 
AgNOs for Mn and chromate method for ('r, after removal of Ag with NaCl. 
Schowalter, E., Z. Nahr. Genussm. 26, 104 (1913). Uses persulfate and silver 
nitrate. 

Hartwig, L. and Schellbach, H., Z, Nahr. Genussm. 26, 439 (1913); J. Soc. 

Chem. Ind. 32, 1125 (1913). Use ammonium persulfate and silver nitrate. 
Jardin, F. and Astruc, A., Compt. rend. 167, 338 (1913); J. Soc. Chcm. Ind. 

32, 880 (1913). Manganese in drinking and mineral waters. 

Luiirig, H., Chem.-Ztg. 38, 781 (1913); J. Soc. Chem. Ind. 33, 709 (1914). 

Uses ammonium persulfate and silver nitrate. 
d'lLLMANS, J. and Mildner, II., J. Gasbel. 67, 496, 523, 544 (1914), C. . 8 , 
3085 (1914). Use persulfate and silver. Suggest adding KIO4, acetic acid 
and “tetramethyl base” as a qualitative test. Blue color indicates Mn. 
Schowalter, E., Z. Nahr. Genussm. 27, 553 (1914); J. Chem. Soc. 106, 11 , 492 


(1914). Uses NH 4 persulfate and AgNO.>. 

Horvath, Bela von, Z. anal. Chem. 63, 581 (1914). Uses ammonium per- 
sulfate and silver nitrate. , , 

Sacher, j. K., Chem.-Ztg. 39, 319 (191.S); C. ;\. 9, 204.1 (1915) Adds NaOH 
lets MnCOH), oxidize in air and adds oxalic acid. Red color thus forme 


is due to a double salt. 

Rardach, F., Chcm.-Ztg. 39, 457 (1915). 

Sacher, J. F., Chem.-Ztg. 39, 458 (1915). „ . , 

Dobbin, L., Chem. News 113,- 133 (1916). Hislorical review of persulfate and 

PbOa methods. 
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Sacher, J. F., Chem. Zentr. 1916, 1, 438; Farben-Ztg. 20, 1309 (1915); J. Chem 
Soc. 110, ii, 451 (1916). Application of NaOH, Mn(OH) 2 , and ILC.t)^ 
method to paints, pigments, varnishes, etc. 

Willard, H. H. and Greathouse, L. H., J. Am, Chem. Soc. 39, 2366 (1917); 
C. A. 11, 3189 (1917); J. Soc. Chem. Ind. 37, 4lA (1918). Colorimcuic 
determination of manganese by oxidation with periodate. There is appondc'd 
a fairly complete bibliography (to 1916) of the colorimetric methods for the 
determination of Mn. The references are listed chronologically and with 
brief remarks. All are included in the present bibliography. 

Treadwell, F. P. and Hall, W. T. (Translator from the German), Analytical 
Chemistry. Vol. II. Quantitative Analysis, 5 cd., p. 127, John Wiley k 
Sons, Inc., New York, 1919. Uses Pb02 and persulfate-AgNOa methods. 

Wester, D. H., Rcc. trav. chim. 39, 414 (1920); J. Chem. Soc. 118, ii, 451 
(1920). Determination of Manganese in plant ash. Marshall’s persulfate 
method only one of four examined found satisfactory. 

Snell, F. D., Colorimetric Analysis, p. 78, D. Van Nostrand Co., New York, 
1921. Determination of manganese as permanganate, oxidation by persul 
fate. 

Snell, F. D., ibid,, p. 80, 1921. Determination of manganese, oxidation by 
periodate. 

Heslinga, j., Chem. Weekblad 19, 302 (1922); J. Chem. Soc. 122, ii, 60(1 
(1922); C. A. 16, 3283 (1922); J. Soc. Chem. Ind. 41, 635A (1922). Col- 
orimetric estimation of manganese in steels, alloys, and ores. Trivalent ele- 
ments removed and Mn oxidized to hydrated MnOj by means of H 2 O- and 
KOH. Yellowish-brown to dark brown colloidal solution of hydrated MnOj 
is thus obtained. 

Deniges, G., Compt. rend. 176, 1206 (1922). The approximate estimation of 
magnesium in a single drop of sea-water. Uses K hypoioditc. 

F0RE.STIER, H., Bull. soc. chim. 33, 659 (1923); C. A. 17, 2688 (1923); J. Sor. 
Chem. Ind. 42, 780A (1923). Improvement in the colorimetric determina- 
tion of manganese in steel. Uses the per.sulfate method, 

Collins, W. D., and Foster (Mks) M. D,, Ind. Eng. Chem. 16, 586 (1924); 
C. A. 18, 2052 (1924). 'Phe determination of manganese in water by the 
sodium bismuthatc method. 

Scott, W, W., Standard Methods of Chemical Analysis, 4 cd., p. 305, D. Van 
Nostrand (k).. New York, 1926. Uses (NH4)2S20» and AgNO.i. 

Standard Methods for the E.xaminalion of Water and Sewage, 6 cd., pp. 50-52, 
American Public Health Association, New York, 1926. Uses the persulfate 
and the bismuthate methods. 

McCrackan, R. F. and Passamaneck, E., Arch. Path. Lab. Med. 1, 585 
(1926); C. A. 20, 2173 (1926). Manganese in urine. Its detection and 
determination. 

Mercury. 

ViGNON, L., Compt. rend. 116, 584 (1893); J. Soc. Chem. Ind. 12, 627 (1893). 
The estimation of mercury in dilute solutions. 
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ICONINCK, L. L. DE, Rev, univ. des Mines ct de la Metallurgie [3], 23, No. 3; 
Chem. News 69, 13 (1894). Delerniinalion of mercury in dilute solutions 
of sublimate. Uses lUS. 

BuDDEN, E. R- and Hardy, H., Analyst 21, 12 (1896). Find the colorimetric 
methods preferable to electrolytic methods for testing beverages for metals 
when several are present. Metals tested: ('u, Pb, Hg. 

ESCHBAUM, F., Chem. Zentr. 1902, I, 1133; J. Chem. Soc. 82, ii, 476 (1902); 
Pharm. Ztg. 47, 260 (1902). Colorimetric estimation of mercury in urine. 
Based upon turbidity of HgCl solution. 

Schumacher, II, and Jung, W., Z. anal. Chem. 41, 471, 482 (1902); Analyst 
27, 368 (1902). A new colorimetric method of determining mercury in urine. 
Use H 2 S solution. 

Carracido, J. R., Anal. soc. espan. fis. quim. 4, 314 (1906); J. Chem. Soc. 92, 
ii 131 (1907). Rapid estimation of mercuric chloride in very dilute solu- 
tions. Uses ammonia. Will detect as little as 1 part Ilgf'lz in 40,000 parts 
of solution. 

Heinzelmann, a., Chem.-Ztg. 36, 721 (1911); C. A. 6, 3211 (1911). The 
colorimetric determination of mercury in urine. H. has made a critical study 
of the method of Schumacher and Jung (Z. anal. Chem. 41, 482) and recom- 
mends how it should be carried out. Uses II .S. Compares color of the col- 
loidal HgS solution. 

PROerrER, H. R., and Seymour-Jones, R. A., J. Soc. Chem. Ind. 30, 404 (1911); 
C. A. 6, 2231 (1911). The estimation of soluble mercuric salts at great dilu- 
tions. Based upon the formation of a colloidal solution of HgS by adding 
II 2 S to the Hg solution containing 1 per cent IIAc. Differences of 1 in 100,000 
can be detected. A Schmidt and Haensch dipping colorimeter is used. 

Autenrieth, W. and Montigny, W., Miinch. med, Wochschr, 67, 928 (1920), 
from Chem. Zentr. 1920, iv, 426; J. Chem. Soc. 118, ii, 773 (1920); C. A. 
16, 541 (1920). Estimation of mercury in urine. Estimated as HgS. 

Booth, H. S. and Schreiber, N. E., J. Am. Chem. Soc. 47, 2625 (1925). Deter- 
mine the sensitivity of the following colorimetric tests for Hg. (1) HjS, 
(2) SnCU, (3) KI, (4) NH^CNS, (5) NH, thio-acetate, (6)^ acetylene, 
(7) phenylthiohydantoric acid, (8) diphcnylcarbazide, (9) aniline, (10) 
tannic acid, (11) Mayer’s reagent for alkaloids. The most sensitive reagents 
were (1), (2), (4), (6), (7), and (8). These gave positive tests at 5 parts per 
million. A new electromicroqualitative test which is easily sensitive to 1 
part Hg ion per billion is described. 

Stock, A. and Pohland, E., Z. angew. Chem. 39, 791 (1926); C. A. 20, 3144 
(1926). The colorimetric determination of very small quantities of mer- 
cury. The Hg-salt solution, contained in a small test tube, is treated 
with 4 drops of a saturated ethyl alcohol solution of diphenylcarbazide, 
OC(NH.NH.C«HB)a, and direct comparison made with similar solutions 
containing known amounts of HgClj. 0.0005 mg. of Hg in 2 cc. 0 ^ 
gives a distinct blue-violet coloration. If 0.01 mg. of Hg. is presen , e 
solution becomes almost opaque. The color disappears within a few hours 
in sunlight, with the formation of a precipitate, but remains for several days 
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if kept in the dark. The following substances interfere with the test: Zn, I'e^ 
Co, Ni, Pb, Cu, Ag, Au, cyanides, bromides, and iodides. 

Methemoglobin. 

Stadie, W. C., J. Biol. Chem. 41, 2.^7 (1920). A method for the determination 
of methemoglobin in blood. Uses KCN. 

McEllroy, W. S., J. Biol. Chem. 42, 297 (1920). A method for the determina- 
tion of methemoglobin and hemoglobin in blood. Uses K 3 Fe(CN) 5 . 

Molybdenum. 

Braun, A. D., Z. anal. Chem. 6, 86 (1867). Originated the use of the blood-red 
color of molybdenum thiocyanate as a delicate test for Mo. Used Zn in 
IICl solution to reduce the Mo and concentrated the Mo thiocyanate by 
shaking out with ether. 

ScHONN, Z. anal. Chem. 9, 41, 330 (1870). First to observe the yellow color 
produced by the action of H 2 O 2 on molybdic and titanic acids. 

Bettfx, W., Chem. News 97, 40 (1908); C. A. 2, 1248 (1908). The solution is 
evaporated almost to dryness, neutralized with HNOs or H 2 S 04 if alkaline and 
lUOa added. If yellow color appears, add a small drop of dilute ammonia. 
If Mo is present, a brownish-red color appears. 0.001 mg. M 0 O 3 can be 
detected in a few cubic centimeters. 

Spurue, G., Chem. Eng. Mining Rev. 11, 258 (1919); C. A. 13, 2322 (1910). 
Colorimetric estimation of molybdenite in low-grade ores and tailings. Uses 
tannic acid. 

Keeinmann, H., Biochem. Z. 99, 42 (1919). Studies the influence of NILCl, 
NaCl, HCl, and lUSOj on the colorimetry of P, Mo, and V compounds. 

Malowan, S. L., Z. anorg. Chem. 198, 73 (1919). Determination of molyb- 
denum in iron and steel. Uses absolute alcoholic KOH solution and satu- 
rates with CS 2 (this forms xanthic acid). Red coloration produced with Mo. 

Methods of the Chemists of the United States Steel Corporation for the 
Sampling and Analysis of Alloy Steels 1921, 2d ed., p. 72. 

King, W. J., Ind. Eng. Chem. 15, 350 (1923); J. Soc. Chem. Ind. 42, 459A 
(1923), Estimation of small quantities of molybdenum in tungsten. Method 
based on the formation of a blood-red coloration of molybdenum thiocyanate. 
Method used when amount of Mo is less than 300 parts per million. Modi- 
fies and refines the method of L. Lcley of the Philips’ Lamp Works, Holland. 

Meulen, H. ter, Chem. Weekblad 22, 80 (1925); J. Chem. Soc. 128, ii, 330 
(1925); C. A. 19, 1390; J. Soc. Chem. Ind. 44, B270 (1925). Method based 
on the dark red color of (NH 4 ) 2 MoS 4 . Method is rapid and fairly accurate, 
and not affected by alkalies. V and W interfere. 

Maag, 0, L. and McCollam, C. II., Ind. Eng. Chem. 17, 524 (1925). Rapid 
determination of molybdenum in steel. Use KCNS and SnClj. 

Wendehorst, E., Z. anorg. allgem. Chsm. 144, 319 (1925); J. Soc. Chem. Ind. 
44, B573 (1925). “Colloidal MoSa has a brownish red to light yellow color 
which can be used as the basis for the colorimetric detn. of Mo, By means 
of the method a sample of com. M0O3 assayed the same as by the usual 
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gravimetric method. For the colorimetric standard, M 0 O 3 can be prepd. 
by careful roasting of the freshly pptd. sulfide. Dissolve 0.05-0.1 g. of the 
oxide in water and a little NII 4 OII. Boil off the excess of the latter and dil. 
to 500 cc. in a measuring flask. Take 15-20 cc. dil. with an equal col. of 
water and the same amt. or a little more of H .S water contg. 5 per cent of 
glycerol. Finally mix with an equal vol. of 0.2 N lliS 04 , adding the acid 
until the red color no longer deepens. In the analysis, treat the ppt. of 
M 0 S 3 , obtained in the usual way, with Br water to oxidize all the S and 
remove the excess Bra by boiling. Then treat it in the same way as the 
standard. Solns. contg. only 0.01 g. Mo per 1. can be analyzed in this way.” 
W. T. H. C. A. 19, 2614 (1925). 

FuNCK, A. D., Z. anal. Chem. 68, 283 (1926); C. A. 21, 36 (1927). The method 
is based on the formation of reddish brown salts of pcrmolybdic acid by the 
action of ILOa on molybdates in alkaline solution. 

Morphine. 

Hinsdale, S. J., Chem. News 62, 77 (1890); see also J. Anal, and Appl. Chem. 
6, 107 (1891). Colorimetric method for estimating the morphine strength of 
laudanum and other preparations of opium. Uses K 3 kc(CN)j solution con- 
taining a little FeCU. Said to detect 0.001 mg. morphine. One minute is 
required to form a blue color. 

Palmer, J. D., Merck’s Report, 11, 191 (1902). 

Kadulescu, D., Bull. soc. sci. Bucuresci 14, 602 (1905); through Pharm. J. 
76, 501 (1906); Analy.st 31, 234 (1906). Uses NaNO^ and suflicient acid to 
liberate the HNO 2 . Before effervescence stops, add excess KOH. Morphine 
gives a pale rose to ruby-red lint, according to amount of morphine present. 
Reaction stated to be “peculiar” to morphine. 

Georges, L. and Gascard, J. pharm. chim. 23, 513 (1906); J. Chem. Soc. 90, 
ii, 507 (1906); J. Soc. Chem. Ind. 26, 779 (1906). Use iodic acid. 

Mai, C. and Rath, C., Arch. Pharm. 244, 300 (1906); J. Chem. Soc. 90, ii, 817 
(1906); J. Soc. Chem. Ind. 27, 828 (1908). Use Marquis’ reagent (2 drops 
40 per cent formaldehyde solution mixed with 3 cc. H2S04). As little as 
0.00003 gram of morphine can be estimated. 

Sanger, C. R. and Boughton, W. A., Proc. Am. Soc. Biol. Chem., J. Biol. 
Chem. 7, xxxvii (1909-10). The estimation of morphine in cases of poisoning. 
Uses formaldehyde and concentrated I1>S04. 

Deniges, G., Bull. soc. pharm. Bordeaux 60, 465; C. A. 6 , 567 (1911). Adds 
H 2 O 2 to morphine-HCl followed by NIL, OH and CUSO 4 solutions, agitating 
after each addition. A rose to deep red color appears soon after the Cu salt 
is added. The depth of the color depends upon the concentration of the 
alkaloid. Roughly quantitative by suitable controls. Sensitive to a few 
hundredths milligram of alkaloid. 

Fabinyi, R., Oesterr. Chem. Ztg. 16, 61; C. A. 6, 1340 (1912); J. Soc. Chem. 
Ind. 31, 298 (1912). Colorimetric determination of morphine and colchicine. 
Uses Radulescu’s reaction which he makes quantitative for morphine. Reac- 
tion consists in acidifying solution with dilute H 2 SO 4 , adding a little ^aN02 
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(crystals) and after gas stops coming off, make alkaline. Pink to ruby-red 
color. Colchicine determination based on the dark olive-green color resulting 
upon boiling the solution and adding FcCb. 

Fabinyi, R., Verb. Ges. deut. Naturforsch. Aerzte, 1912, ii, 228; J. Chem. Soc 
102 , ii, 504 (1912). Makes Radulescu’s reaction quantitative. Uses solid 
NaN02 and concentrated KOH. Red color produced. 

Heiduschka, a. and Faul, M., Arch. Pharm. 266, 172 (1917); J. Cheni. Soc. 
112 , ii, 554 (1917); J. Soc. Chem. Ind..36, 1287 (1917). Colorimetric methods 
for the estimation of very small quantities of morphine. (1) Employ a modi- 
fication of the Georges and Gascard method. One part in 12,500 can be 
detected, but quantitative measurements can only be made between 1 in 
1500, and 1 in 5500. Method made sensitive to 1 in 18,500 by adding a little 
ammonia and estimations can be made between 1 in 5000 and 1 in 16.500. 
(2) Employ iMarquis’ reagent (2-3 drops of 40 per cent formaldehyde and 
3 cc. concentrated H2S04). Morphine can be estimated between 1 in 1400 
and 1 in 14,000 and detected at 1 in 25,000. 

Morgulis, S. and Levine, V. E., J. Lab. Clin. iMcd. 6, 321 (1919-20). A sim- 
plified method for the detection and estimation of the distribution of mor- 
phine. Use Lafon’s reagent (a solution of a selenite or selcnic acid, 0.5 per 
cent in concentrated H2SO4) which gives a blue and finally fairly persistent 
olive-green color with morphine. Gives only relative quantitative results. 

Gauss, H., J. Lab. Clin. Med. 6, 699 (1920-21); C. A. 16, 427 (1922). A col- 
orimetric method for the estimation of morphine in colloidal mi.xtures and 
tissues. Uses Marquis' reagent (a mixture of 1 part 40 per cent formaldehyde 
and 15 parts of concentrated II2SO4) which gives a purple-red color with 
morphine. This color gradually but slowly changes to violet and then to a 
fairly permanent blue. 

Nicholls, j. R., Analyst 47, 509 (1922). Uses H2S()4-K103 method of Georges, 
Analyst 31, 265 (1906). 

Nessler's Reagent. 

Schneider, A., Pharm. Zentr. 60, 546; C. A. 3, 2421 (1909). Preparation of 
Nessler’s reagent. 

I’rerichs, G. and Mannheim, E., Apoth. Ztg. 29, 972 (1914). A recent and 
highly approved method of preparing Nessler’s reagent. 

Friedrichs, 0. v.. Arch. Pharm. 269, 158 (1921); C. A. 16, 786 (1922). Con- 
ditions for the suitable preparation of Nessler’s reagent for pharmacopeias. 
Of 10 methods of preparation considered, the method of F. is believed to 
be the best, viz.: Shake 2 g. KI and 3.5 g. finely powdered HgL with 3 cc. 
water, add 60 cc. 0.2 N KOH, then dilute to 100 cc. with water. After 
several days decant off the clear liquid, or pass it through asbestos. 

Koch, F. C. and McMeekin, T. L., J. Am. Chem. Soc. 46, 2066 (1924). A new 
direct Nesslerization microkjeldahl nKthod and a modification of the Nessler- 
Folin reagent for ammonia. 

Richmond, H. D., Analyst 60, 67 (1925); C. A. 19, 2610 (1925). Preparation 
of Nessler’s solution. 



BIBLIOGRAPHY 


G37 


Richmond, H. D., Analyst 60, 336 (1925); C. A. 19, 2921 (1925). Preparation 
of Nessler’s solution. 

Winkler, L. W., Z. Nahr. Genussm. 49, 163 (1925); C. A. 19, 2314 (1925). 
Nessler’s reagent without potassium iodide. 

Nickel. 

Wagner, R., J. prakt. Chem. 61, 129 (1854); Z. anal. Chem. 6 , 425 (1866). 
Winkler, C., J. prakt. Chem. 97, 414 (1866); Z. anal. Chem. 6 , 425 (1866). 
Spuller, j., Chem.-Ztg. 21 , 243 (1897); J. Soc. Chem. Ind. 16, 470 (1897). 
Estimation of nickel in nickel steels. Dissolves sample in IINOs, boils off 
fumes, precipitates Fe with ZnO, filters and matches the green colored filtrate 
against a standard Ni solution. 

Lucas, M., Bull. soc. chim. 21, 432 (1899); J. Chem. Soc. 76, ii, 614 (1899). 

J. Soc. Chem. Ind. 18, 709 (1899). Uses K or NIG thiocarbonale. 

Fieuer, R., Chem.-Ztg. 24, 393 (1900); J. ('hem. Soc. 78, ii, 628 (1900); J. Soc. 
Chem. Ind. 19, 563 (1900). Colorimetric estimation of nickel in steel. Am- 
moniacal Ni-stcel solutions used as standards. Results appro.ximate. 
Ciiallinor, R. W., j. Roy. Soc., New South Wales, 38, 406 (1905); J. Chem. 
Soc. 94, ii, 988 (1908). 

Tschugaeff, L,, Chem.-Ztg. Rep. 29, 247 (1905); Analyst 30, 352 (1905). 
A new sensitive reagent for nickel. Uses a-dimethylglyo.\ime. E.xcess free 
acid first removed by addition of NHiOII or NaAc. 

Tschugaeff, L., Ber. 38, 2520 (1905); Analyst 30, 378 (1905). Uses a-dimethyl- 
glyo.ximc. NH-iOII or NaAc first added to test solution to remove excess of 
free acid. 

Armit, H. W. and Harden, A., Proc. Roy. Soc. 77, B, 420 (1906); J. Chem. 
Soc. 90, ii, 397 (1906); J. Soc. Chem. Ind. 26, 498 (1906); cf. L. Tschugaeff, 
Ber. 38, 2520 (1905). Estimation of small quantities of nickel in organic 
substances. Use a-dimcthylglyoxime method. Will detect 1 part Ni in 
2,000,000 parts of water [Tschugaeff, Compt. rend. 146, 679 (1907)]. 
Milbauer, j., Z. anal. Chem. 46, 656 (1907); C. A. 2 , 972 (1908). ('olorimctric 
comparison of solutions of copper and nickel salts. Uses Nil., OH. 
Lehmann, K. B., Arch. Hyg. 68 , 423 (1911); Z. anal. Chem. 50, 313 (1911). 

Determination of nickel in food and animal organs. Uses K 2 CS 3 . 

Atack, F. W., Chem.-Ztg. 37 , 773 and Analyst 38, 316 (1913); Z. anal. Chem. 
63, 620 (1914). On the use of a-benzildioxime for testing and determin- 
ing small amounts of nickel. 

Huttner, C., Z. anorg. Chem. 86 , 341 (1914); J. Soc. Chem. Ind. 33, 614 
(1914); Z. anal, Chem. 64, 471 (1915). Matches HCl solutions of the 
chlorides. C. A. 8 , 2540 (1914), gives a long abstract of the paper, 

Lindt, V., Z. anal. Chem. 63, 165 (1914); J. Chem. Soc. 106, ii, 298 (1914); 
J. Soc. Chem. Ind. 33, 335 (1914). Adds K thiocarbonate to the ammoniacal 
solution of Ni, 

Snell, F. D,, Colorimetric Analysis, p. 73, D, Van Nostrand Co., New York, 
1921. Determination of nickel by potassium thiocarbonate. 
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Snell, F. D., ibid., p. 74, 1921. Determination of nickel as the chloride in con- 
ceiitratcci HCl. 

Hackl, 0., Chcm.-Ztg. 46, 385 (1922); C. A. 16, 2280 (1922). Detection and 
determination of small quantities of nickel and cobalt in silicate rocks. Ni hy 
dimethylglyoxime. Co by nitroso-jS-naphthol or Vogel’s test with SCN . 

Jarvinen, K. K., Z. Nahr. Genussm. 46, 183 (1923); J. Chem, Soc. 124, ii, 
(1923). Colorimetric estimation of small quantities of metals in foodstuffs 
and the preliminary destruction of the organic matter. Details for the 
destruction of the organic matter are given and for the estimation of Sn and 
Pb in the presence of one another, Cu and Zn in the presence of one another, 
Al, Ni, As, and Sb. Use II 2 S or NaxS. 

Rollet, A.-P., Compt. rend. 183, 212 (1926); C. A. 20 , 3274 (1926). Uses Br, 
NH 4 OH, and dimethylglyoxime solution in alcohol. Quantities of Ni varying 
from 0.001 to 0.0 1 mg. can be determined with an accuracy of about 5 per cent 
of the Ni content. Details arc given for applying the method to Co salts, 
steel and organic material. 

Fairhall, L. T., J. Ind. Hyg. 8 , 528 (1926); C. A. 21 , 874 (1927). The colori- 
metric determination of minute amounts of nickel. Potassium dithio- 
oxalatc as a sentitive reagent. In biologic studies concerning Ni ingestion, 
it was found possible to determine 1 mg. of Ni with an accuracy of 1 per cent 
by a colorimetric method based on the formation of magenta-colored Ni 
dithio-oxalate. The presence of alkali and alkaline earth cations does no 
harm and the color develops in neutral or in acid solutions. 

Niobium. (See Columbium.) 

Nitrate (and Nitric Acid). 

Kersting, R., Ann. Chem. Pharm. 126, 254 (1863); Chem. News 8 , 186 (1863). 
Detection of nitric acid in potable water by means of brucine. 

Sprengel, IL, Pogg. Ann. 121 , 188 (1864). First to propose the use of pheiicl 
sulfonic acid for the detection and determination of nitrates. 

Kekule, Jahresber. 1866, p. 447. Uses phcnolsulfonic acid. 

Kekule and Leverkus, Z. Chem. 1866, p. 693. Use phcnolsulfonic acid. 

Kekule, Z. Chem. 10, 199, 641 (1867); Lchrbuch, III, 236; Jahresber. 1867, 
p. 637. Uses phcnolsulfonic acid. 

Nessler, j., Z. anal. Chem. 7, 415 (1868). 

Chapman, E. T., J. Chem. Soc. 21, 172 (1868). 

Kekule, A., Ber. 2 , 330 (1869); Z. Chem. 1869, p. 602; Jahresber. 1869, p. 440. 
Uses phcnolsulfonic acid. 

Kopp, E., Ber. 6, 284 (1872), Used diphenylamine dissolved in H 2 SO 4 for 
detecting and estimating nitrites and nitrates. Estimated the nitrate, then 
oxidized the nitrites to nitrate and estimated total nitrate. 

Nicholson, E., Chem. News 26, 89 (18i72); from the Madras monthly J. Med 
Sci,, May, 1871; cf. Kersting, Ann. Chem. Pharm. 1863. Uses brucine as 
recommended by Kersting. 

Blunt, T. P., Chem. News 25, 205 (1872); J. Chem. Soc. 26, 922 (1872); Chem. 
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News 26| 105 (1872). Estimation of nitric acid in potable waters. Note 
disclaiming to be originator of Nessler’s reagent for NOs. 

Thorpe, T. E., Proc. Chem. Soc. March 6. 1873; Chem. News 27, 129 (1873). 
Uses Cu-Zn couple of Gladstone and Trilje to decompose nitrates with the 
formation of NHa. Determines NIG with Nessler’s reagent if amount is 
small. 

llOLAS, T., Chem. News 28, 248, 283 (1873); J. Chem. Soc. 27, 387 (1874). 
Testing for nitric acid, and its colorimetric estimation. Uses l''eS04 and con- 
centrated H2SO4. 

DoxKiN, W. F., Proc. Chem. Soc. Nov. 6, 1873; Chem. News 23, 254 (1873). 
On the estimation of nitrates in potable waters. Based on the reaction of 
nitrates in the presence of chlorides, when treated with phenol and 1L.S04. 
Gives a reddish solution which changes to blue upon adding an e.xcess of 
ammonia. Said to detect 1 part in 4,000,000 parts of water. Details must 
be closely observed. 

Bottger, Jahresber. Tier-Chem., 1876, p. 918. Proposed using Kopp’s [Ber. 6, 
284 (1872)] reaction for the detection of nitrites and nitrates in potable waters. 

Knights, J. W., Analyst 6, 56 (1881). Uses brucine in alcoholic solution and 
H2C20i instead of H2SO4. 

Johnstone, W., Chem, News 44, 23 (1881). Says method of Knights is only a 
slight modification of Nicholson’s, Cliern. News 26, 89 (1872) and Madras 
Monthly J. Med. Sci. May, 1871. 

Knights, J. W., Chem. News 44, 46 (1881). Uses the brucine reaction. Claims 
to be the first to make the reaction quantitative. 

J0HN.STONE, W., Chem. News 44, 70 (1881). Says Knights was not the first to 
use the brucine reaction for nitrates and points out that the standard red 
solution must contain alcohol to prevent fading. Also must be kept from 
the light. 

Knights, J. W., Chem. News 44, 80 (1881). Still claims his brucine method 
is new and points out the necessity of adding r. bttle Ba(OH)2 solution to 
water containing much sulfate, to prevent free 112^04 and consequent partial 
decomposition of the red coloration. 

Grand VAL, A. and Lajoux, H., Compt. rend. 101, 02 (1885); J. Chem. Soc. 48, 
1093 (1885), Detection and estimation of small quantities of nitric acid in 
in the air, water, soils, etc. Use phenolsulfonic add. 

Hager, H., Chem. Zentr. 16, 586, 588 (1885); J. Soc. ('hem. Ind. 4, 613 (1885). 
Diphenylamine and crystallized phenol as reagents for nitrates and nitrites. 

Smith, A. P., Analyst 10, 199 (1885); ibid., 12, 50 (1887). Uses phenolsulfonic 
acid. 

Spiegel, L,, Ber. 21, 3568 (1888); briefly described in Z. Ilyg. 2, 189 (1887). 
Uses diphenylamine. 

Fox, F., Tech. Quart. 1, 54 (1887-8). Made a few modifications of the Grandval 
and Lajoux [Compt. rend 101 , 62 (1885)] method. 

Findo, D., Chem. News 68, 1, 15, 28 (1888). Phenol and some allied bodies as 
tests with concentrated sulfuric acid for nitrites, nitrates, and chlorates in 
aqueous solution. 
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Hooker, S. C., Ber. 21 , 3302 (1888); Analyst 14 , 19 (1889); J. Franklin Inst. 
127 , 61. Determination of nitrates in water. Uses carbazol ui concent 
trated H 2 SO 4 and mentions that probably diphenylaminc, etc., in conccn- 
trated H 2 SO 4 might be used instead of carbazol. 

Rideal, S., Chem. News 60, 261 (1889); see also J. Anal. Chcm. 4, 67 (1890); 

J. Chem. Soc. 68 , 831 (1890). Colorimetric methods for determining nitrates 
in potable waters. Compares the phenolsulfonic acid and carbazol methods. 
Results about alike. 

Muller, J. A., Bull. soc. chim. [3], 2, 670 (1889); J. Chem. Soc. 58, 415 (1890). 
Uses diphenylamine. 

Hooker, S. C., Am. Chem. J. 11 , 249 (1889); Prelim, paper in Ber. 21 , 3302 and 
J. Franklin Inst. 127 , 61; J. Soc. Chem. Ind. 8 , 138, 509 (1889). A rapid 
colorimetric method of determining nitrates in potable waters. Uses carbazol 
in concentrated H 2 SO. 1 . Intense green coloration produced by NO 3 and other 
oxidizing agents. Sensitive to 0.0006 mg. HNO 3 . The usual amount of 
HNO 2 in water gives no appreciable error. Fe in amounts greater than 1 part 
per million must be removed. Chlorides must be removed. Easily destruct- 
ible organic matter gives low results but unless present in large excess, no 
serious error is caused. 

Muller, J. A., Chem. News 61 , 100 (1890); Bull. soc. chim.; see also J. Anal 
Chem. 4, 209 (1890). Colorimetric determination of nitric acid by means of a 
sulfuric acid solution of di{)henylamine. 

Rosenfeld, M., Z. anal. Chem. 29 , 661 (1890); J. Chem. Soc. 60 , 496 (1891). 
Estimation of nitric and nitrous acids in potable waters. Uses pyrogallol. 

Johnson, A. E., Chem. News 61, 15 (1890) ; see also J. Anal. Chem. 4, 208 
(1890). Uses phenolsulfuric acid containing IICl. Prefers using a standard 
1/10 the strength of that used by Rideal, Chem. News 60, 261 (1889). 

Ormanuy, R. and Cohen, J. B,, J. Chem. Soc. 67, 811 (1890). A new method 
for the estimation of nitrates and nitrites in water. Use Al-Hg couple and 
determine NIL by Nessler’s reagent. 

Hazen, A. and Clark, H. W., Report Mass. Board of Health, 1890, p. 712; 
J. Anal, App. Chem. 6, 5, 301 (1891); J. Am. Chem. Soc. 6, 301 (1891); 
Chem. News 64, 121, 162 (1891); J. Chem. Soc. 62, 243 (1892). Estimation 
of nitrates in water. Examine the phenolsulfonic acid method and find it 
untrustworthy. 

Blair, J. A., see “The Organic Analysis of Potable Waters,” 2d cd. 
Appendix D, p. 112, J. A. Churchill, London, 1891. Reduces to HNO 2 by 
IIjAsOs and II2SO4 and determines the HNO 2 (distilled off) by means of 
metapheny Icndia mine. 

Harrow, G., J. Chem. Soc. 69, 320 (1891); J. Soc. Chem. Ind. 10, 727 (1891); 
Chem. News 63, 223. A rapid method of estimating nitrates in potable waters. 
HNO 3 reduced to HNO 2 by hydrochloric acid and zinc dust in the presence 
of o-naphthylamine and H 2 SO 4 . Pink coloration results. 

Bartram, G. H., Chem. News 63 , 228 (1891); J. Franklin Inst. 131 , 385 (1891); 
J. Soc. Chem. Inc^lO, 951 (1891). On a source of error in the determination 
of nitrates in water by the phenolsulfonic acid method. 
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Mason, W. P., Chem. News 64, 197 (1891); J. Chcm. Soc. 62, 243 (1892). 
Carbazol method for estimating nitrates in water analysis. 

Gill, A. H., J. Am. Chem. Soc. 16, 122, 193 (1894); Tech. Quart. 7, 55 (1894); 
J. Soc. Chem. Ind. 13, 663 (1894). Uses phcnolsulfonic acid. 

Lunge, G. and Lwoff, A., Z. angew. Chem. 1894, p. 345; J. Chem. Soc. 66, ii, 
398 (1894); J. Soc. Chem. Ind. 14, 67 (1895). Estimation of very small 
quantities of the nitrogen acids. Use the brucine reaction for IINO 3 . 

PiCHARD, P., Chem. News 73, 2 (1896); from Compt. rend. 121, 758 (1895); 
J, Soc. Chem. Ind. 16, 829 (1896). Rapid determination of nitric nitrogen in 
vegetable products. Uses brucine. Concentrated H 2 SO 4 added in case of 
nitrates to liberate HNO 3 . 

Alvarez, E. P., Compt. rend. 124, No. 6; Gazz. chim. ilal. 128 (1897); Chem. 
News 79 (1899). Suggests resorcin and /i-naphthol as reagents for NO 2 , NOj, 
and CIO 2 . 

Moerk, F. X., Am. J. Pharm. 71, 157 (1899); Analyst 24, 222 (1899). A 
method for facilitating the color comparison in the determination of nitrates 
in water by the phcnolsulfonic acid method. 

Russwurm, Pharm. Zentralhalle 40, 516 (1899); Chem. Zentr. 2, 593 (1899); 
J. Soc. Chem. Ind. 18, 1052 (1899). Uses cresol and concentrated H 2 SO 4 , 
finally making the test solution ammoniacal. 

Winkler, L. N., Chem.-Ztg. 23, 454 (1899); Chem. News 81, 27 (1900). Esti- 
mation of ammonia, nitric acid, and nitrous acid in natural waters. Uses 
Nessler’s reagent for NIG, the brucine reaction for HNO 3 , and a volumetric 
method (iodine liberated and titrated with Na2S203) for IINO 2 . 

CiMMiNO, R., Z. anal. Chem. 38, 429 (1899); J. Soc. Chem. Ind. 18, 946 (1899). 
Uses diphenylamine and II 2 SO 4 in 5 per cent IICI solution. 

Kostjamin, N. N., Chem.-Ztg. Rep. 24, 218 (1900); J. Soc. Chem. Ind. 19, 933 
(1900). Uses the brucine reaction. 

Marcille, R., Ann. Agron. 27, 596 (1901); J. Chem. Soc. 82, ii, 173 (1902). 
Estimation of nitrates in chlorinated waters. Adds ammoniacal Ag 2 S 04 , 
evaporates, cools, and then adds phenoldisulfonic acid and finally NH 4 OH. 

Winkler, L. W., Chem.-Ztg. 25, 586 (1901); J. Soc. Chem. Ind. 20, 937 (1901). 
Uses brucine. 

Cazeneuve, P. and Defournel, H., Bull. soc. chim. 26, 639 (1901); Analyst 
26, 306 (1901); J. Soc. Chem. Ind. 20, 838 (1901). Uses brucine. 

Noll, H., Z. angew. Chem. 14, 1317 (1901); J. Chem. Soc. 82, ii, 173 (1902). 
Uses 20 cc. H 2 SO 4 , sp. gr. 1.84, containing 0.05 g. brucine. 

Winkler, L. W., Z. angew. Chem. 16, 170; Analyst 27, 162 (1902). The 
behavior of nitric and nitrous acid with brucine and sulphuric acid. 

Montanari, C., Staz. sper. agrar. ital. 34, 690 (1901); Gazz. chim. ital. 32, i, 87 
(1902); J. Chem. Soc. 82, ii, 287 (1902). Reaction of the phcnolsuHonic 
reagent in the determination of nitrates by the Granval and Lajoux colori- 
metric method. 

Geelmuyden, H. C., Z. anal. Chem. 42, 276, 518 (1903). 

Richardson, F. W. and Rollings, P., J. Soc. Chem. Ind. 22, 616 (1903). Use 
phenoldisulfonic acid. 
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Pagnoul, a., Bull, assocn. chim. suer. dist. 21, 602 (1903); J. Soc, Chc-ni. inci 
23, 135 (1904). 

Tatlock, R. R. and Thomson, R. T., J. Soc. Chem. Ind. 23, 429 (1904). 
phenolsulfonic acid. 

Raikow, P., Oesterr. Chem. Ztg. 7, 557 (1904); Analyst 30, 174 (1905). The 
differentiation of nitric and nitrous acid by means of diphenylaminc. 

Andrews, L. W., J. Am. Chem. Soc. 26, 388 (1904), SprengePs method for 
colorimetric determination of nitrates. Uses phenoldisulfonic acid. Shows 
that 0.993 g, paranitrophenol per liter (0.1 mg. N per cubic centimeter) can he 
be used as a standard. For use, a measured volume is made alkaline and 
diluted to match the color obtained in the usual way. 

Alvarez, E. P., Bull. soc. chim. 33, 717 (1905); Analyst 30, 285 (1905). Ohscr- 
vatioiis on the use of diphenylaminc as a reagent for nitrites, nitrates, ami 
chlorates. 

Alvarez, E. P., Chem. News 91, 155 (1905). Observations on diphenylaminc 
as reagent for nitrites, nitrates, chlorates, and its use when mixed with resorcin 
and /3-naphlhol. Use diphenylaminc and resorcin for NO^ and NO;i atul 
diphenylaminc and /i-napthol for CIO3. 

Frerichs, G., Arch. Pharm. 243, 80 (1905); Chem.-Ztg, Rep. 29, 84 (1905); 
Analyst 30, 174 (1905); J. Soc. Chem. Ind. 24, 348 (1905). 

Bay, L, Compt. rend. 140, 796 (1905); Chem. News 91, 190 (1905). Action of 
diphenylaminc on nitric acid. 

HiNRiCHS, C. G., Bull. soc. chim. 33, 1002 (1905); Analyst 30, 381 (1905). The 
differentiation of nitrates from other oxidizing agents by the diphenylaminc 
reaction. 

Stewart, R. and Greaves, J. E., Utah Expt. Sta. Bull. 106 (1906). 

Syme, W. A., J. Ind. Eng. Chem. 1, 188 (1909); C. A. 3, 1134 (1909); J. Soc. 
Chem. Ind. 28, 375 (1909). The colorimetric determination of nitrate.s in 
soil solutions containing organic matter. Phenoldisulfonic and NH,i()lI 
method is inaccurate if chlorides, nitrites, or organic matter are present. 

Perrier, G. and Farcy, L., Bull. soc. chim. [iv], 6, 178 (1909); Analyst 31, 
174 (1909). The influence of chlorides on the estimation of nitrates. Esc 
method of Grandval and Lajoux. 

Farcy, L., Bull. soc. chim. [iv], 5, 563 (1909); Analyst 34, 335 (1909). TIk; 
influence of bromides and iodides on the estimation of nitrates in water. 
Uses method of Grandval and l.-ajoux. 

Marcille, R., Ann. chim. anal. 14, 303 (1909); J. Soc. Chem. Ind. 28, 957 
(1909). Removes chlorides by adding Ag 2 S 04 . Then uses the Grandval ainl 
Lajoux method. 

Farcy, L., Bull. soc. chim. 6, 775 (1909); J. Soc. Chem. Ind. 28, 849 (190'T. 
Compares several methods, F’s modified Granval and Lajoux method i)rc 
ferred in presence of chlorides and NIL salts. 

McRae, H. C., Am. J. Pub. Hyg. 19 [n.^s. 6], 307 (1909); C. A. 6, 2292 (1911). 
A method for the determination of nitrates in sewage and waters of higli 
chlorine content. Uses narcotine in H 2 S 04 solution. Hundredths of a pari 
per million can be very accurately determined. 
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Chamot, E. M. and Pratt, D. S., J. Am. Chem. Soc. 31, 922 (1909). A study 
of the phenolsulfonic acid method for the determination of nitrates in water. 
I, The composition of the reagent and the reaction product. An important 
paper. Evidence is presented to show that the yellow color produced in the 
cold is due to the nitration of phcnol-2 : 4-disulfonic acid, the compound 
formed being the alkali derivative of a nitrophenolsulfonic acid. Pai)cr 
contains a bibliography of 48 references (discussed in the text) arranged 
(approximately) chronologically. Many of the references are on the sulfonic 
acids of phenol. 

Farcy, L., Bull. soc. chim. 6, 1090 (1909). Influence of nitrites on determina- 
tion of nitrates by the Grandval-Lajoux process. “A trace of nitrates added 
to a mixture of nitrites and chlorides gives a more intense color than the 
amount of nitrates added should give by the Grandval-Lajoux method. 
This is explained by the liberation of Cl, which oxidizes some of t he nitrites in 
nitrates. It is, therefore, necessary in detg. nitrates by the Grandval-Lejoux 
method in the presence of nitrite first to determine the nitrites and then remove 
them either by oxidizing with KMn 04 or destroying by means of urea.” 
G. B. Frankforter, C. A. 4, 802 (1910). 

Lombard, M. and Lafore, J., Bull. soc. chim. [iv], 6, 321 (1909). Remarks on 
the determination of nitrates by the method of Grandval and Lajoux. 

Farcy, L., Bull. soc. chim. [iv], 6, 1088 (1909); Analyst 36, 81 (1910); J. Soc. 
Chem. Ind. 29 , 107 (1910). Estimation of nitrates by the method of Grandval 
and Lajoux in waters containing chlorides or nitrites. 

Bartow, E. and Rogers, J. S., Am. J. Pub. Ilyg. [n. s.j, 6, 536 (1909); also 
Univ. 111. Bull. 7 , No. 2 (Water Survey Series, 7), 14 (1909). Determination 
of nitrates by reduction with aluminum. 

Caron, H. and Raquet, D., Bull. soc. chim. 7, 1021 (1910); C. A. 6, 1379 
(1911). Shows the influence exerted by chlorides when the phenolsulfonic 
acid method is used and the precautions to be taken. A correction for chlor- 
ides may be applied. If less than 100 parts Cl per million, the interference is 


not serious. / r, i 

PouGET, I., Bull. soc. chim. [iv] 7, 449 (1910); C. A. 4 , 2424 (1910); Z. anal. 

Chem. 60, 124 (1911). Uses phenolsulfonic acid. ^ 

Caron, H. and Raquet, D., Bull. soc. chim. 7, 1026 (1910); C A. 6, 1380 
(1911); I. Soc. Chem. Ind. 30, 45 (1911). Determinations of nitrates in 
waters by a sulfosalicylic acid reaction. Sulfosalicylic acid may 3e su sti 
tuted for the phenolsulfonic acid, if certain precautions are taken 
Corradi, R., Bull. chim. farm. 49 , 93; Chem. Zentr. 1910, II, 39; C. A. » 

551(1911). Determination of nitrates in potable waters. Reduces N,o 

UNO, and determines the latter by Ihe Cries method. 

Tillmans, J., Z. Nahr. Genussm. 20, 076 (1910); J. Soc. Chern. In . , 

(1911). Detection and estimation of nitric acid in milk by d.phcnylamine- 


Stewart, R. and Greaves, J. E., J. Am. Chem. Soc. “ 

Utah Expt. Sta. Bull, 106, 80 (1906). The influence of different quant.t « 
of chlorides on the phenyldisulphonic acid method (or nitrates. Results 
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show that chlorine, even when present in amounts as low as 2.6 parts per 
million, affects the results for nitric nitrogen by this method. 

Chamot, E. M. and Pratt, D. S., J. Am. Chem. Soc. 32, 630 (1910). A study 
of the phenolsulfonic acid method for the determination of nitrates in water. 
II. The composition of the yellow compound. Find that the coloration is 
due to the formation of tripotassium 6-nitrophenol-2 : 4-disulfonate. 

Chamot, E. M., Pratt, D. S. and Redfield, H. W., J. Am. Chem. Soc. 33, 
366 (1911); J. Soc. Chem. Ind. 30, 442 (1911). A study of the phenoldisul- 
fonic acid method for the determination of nitrates in water. III. The chief 
sources of error in the method. 

Chamot, E. M., Pratt, D. S. and Redfield, H. W., J. Am. Chem. Soc. 33, 381 
(1911). A study of the phenoldisulfonic acid method for the determination 
of nitrates in water. IV. A modified phenoldisulfonic acid method. 

Romijn, G., Z. anal. Chem. 60, 566 (1911); Analyst 36, 467 (1911); J. Soc. 
Chem. Ind. 30, 1009 (1911). 

Caron, H., Ann. chim. anal. 16, 211 (1911); J. Chem. Soc. 100, ii, 767 (1911); 
J. Soc. Chem. Ind. 30, 837 (1911); Z. anal. Chem. 62, 379 (1913). Uses 
diphenylamine. 

Denig£s,G., Bull. soc. chim. [iv], 9, 544(1911); J. Chem. Soc. 100, ii, 655(1911); 
J. Soc. Chem. Ind. 30, 827 (1911). Detection of nitrates and nitrites in water 
by means of reduced strychnine. Uses a reagent prepared by adding 5 grams 
of Zn amalgam to a mixture of 5 cc. HCl (sp. gr. 1.18) with 5 cc. of a 1 per cent 
solution of strychnine sulfate. Boil, cool, and decant. 10 cc. water con- 
taining 0.0001 g. IINO 2 per liter gives a red coloration with 0.5 cc. of the 
reagent. Nitrates give a color only in the presence of H 2 SO 4 . 

Tillmans, J., and Splittcerber, A., Z. Nahr. Genussm. 22, 401 (1911). Esti- 
mation of nitric acid in milk by means of diphenylamine-sulfuric acid. 

Johnson, A. E., Chem. News 104, 235 (1911); J. Soc. Chem. Ind. 30, 1404 
(1911). Uses phenolsulfonic acid. 

Withers, W. A. and Ray, B. J., J. Am. Chem. Soc. 33, 708 (1911); J. Chem. 
Soc. 100, ii, 656 (1911); J. Soc. Chem. Ind, 30, 708 (1911). Modification of 
the diphenylamine test for nitrous and nitric acids. One part of nitrous 
nitrogen can be detected in 25 million, or one part of nitric nitrogen in 35 
million by heating 15 to 20 minutes. Heating one hour increases the sensi- 
tiveness to 1 part in 32 million and 1 part in 44 million, respectively. 

Vermeiiren, A., Centr. Zuckerind. 19, 72; C. A. 6, 55 (1911). The determina- 
tion and estimation of small quantities of nitric and nitrous acid in water. 

Tillmans, J. and Sutthoff, W., Z. anal. Chem. 60, 473 (1911); C. A. 6, 3211 
(1911); J. Soc, Chem. Ind. 30, 918 (1911). A simple method for the deter- 
mination and estimation of nitric and nitrous acids in water. By adding 
NaCl as reagent to the reacting mixture (diphenylamine reaction) the degree 
of accuracy uniformly obtainable may bq increased to 0.1 mg. HNO 3 per liter. 
Nitrites if present react similarly to nitrates and a combined determination 
may be made. Give a long list of references on the diphenylamine-reaction 
with nitrates. 
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Denig^s, G., Compt. rend. 162, June 19 (1911); Chcm. News 104, 119 (1911). 
Uses strychnine reagent. 

Caron, H., Repert. pharm. [3] 23, 385; Ann. chim. anal. 17, 9; cf. C. A. 6, 1379 
(1911); C. A. 6, 2246 (1912). Determination of nitrates in urine. Uses 
diphenylamine. Results only approximate, but method is easy, rapid and 
requires only a few cubic centimeters of urine. 

Silvester, H., J. Soc. Chem. Ind. 31, 95 (1912); J. Chem. Soc. 102, ii, 386 
(1912). The phenolsulfonic acid method of estimating nitrates in sewage 
effluents. Points out possibility of error due to thiocyanates which may be 
present. 

Grunhut, L., Z. anal. Chem. 61, 519 (1912). Test and determination of 
nitrates in milk. A review. 

Tillmans, J. and Splittgerber, A., Z. Nahr. Genussm. 23, 49 (1912); Analyst 
37, 140 (1912). Estimation of potassium nitrate in meats. When not over 
1.5 per cent KNOj, use Noll’s brucine-sulfuric acid method or the diphenyl- 
amine-sulfuric method. 

Lipman, C. B. and Sharp, L. T., Biedermann's Zentr. 42, 721 (1913); Univ. 
Calif. Pub. Agr. Sci. 1, 21 (1912); J. Chem. Soc. 106, ii, 145 (1914). Phenol- 
disulfonic acid method for estimating nitrates in soils. 

SiLBER, J., Z. Nahr. Genussm. 26, 282 (1913); J. Chem. Soc. 104, ii, 978 (1913). 
Uses the phenolsulfonic acid method of (irandval and Lajoux. 

Stewart, R. and Greaves, J. E., Chem. News 108, 97 (1913) and J. Am. Chem. 
Soc. 36, 579 (1913). The influence of chlorine on the determination of 
nitrates by the phcnoldisulfonic acid method. 

SiLBER, J., Z. Nahr. Genussm. 26, 282 (1913). Colorimeter for the determina- 
tion of nitrates in water. 

Kelley, W. P., Chem, News 108, 178 (1913) and J. Am. Chem. Soc. 36, 775 
(1913). The effect of sulfates on the determination of nitrates. 

Elsdon, G. D. and Sutcliffe, J. A. L., Analyst 38, 450 (1913). Nitrates and 
nitrites in milk. Uses the brucine-sulphuric acid method for nitrates and 
the Griess-llosvay method for nitrites. 

Autenrieth, W. and Funk, A. Z. anal. Chem. 62, 137 (1913); C. A. 7, 3627 
(1913). Colorimetric methods for water analysis by use of the Autenrieth- 
Koenigsberger colorimeter. Details are given for the estimation of NHj, 
HNO 2 , HNOs, Fe, Pb, and H 2 S. 

Letts, E. A. and Rea, F. W., J. Chem. Soc. 106, 1157 (1914); Proc. Chem. Soc. 
30, 72; C. A. 8, 2323 (1914) ; J. Soc. Chem. Ind. 33, 570 (1914). An extremely 
delicate colorimetric method for detecting and estimating nitrates and 
nitrites. Diphenylbenzidine used for nitrates. Nitrites oxidized by 
KMn 04 and similarly determined. 

Denig^s, G., Ann. chim. anal. 19, 221 (1914); from Bull. soc. pharm. Bordeaux, 
1914. Preparation of reduced strychnine reagent for the colorimetric esti- 
mation of nitrates in water. 

Winkler, L. W., Z. Nahr. Genussm. 29, 10 (1915); J. Chem. Soc. 110, ii, 490 
(1916). Detection and estimation of nitrates in waters. Uses starch solu- 
tion, KI, and HjPOi. 
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Allen, E. R., Chem. News 112, 269 (1915); from J. Ind. Eng. Chcm. 7 , 524 
(1915). Uses diphenylamine-sulfuric acid as modified by Withers and Ray 
J. Am. Chcm. Soc. 33, 708 (1911), except that tests were made at room len^ 
perature instead of at 40°. One part of nitric nitrogen in 25,000,000 pmis 
of solution could be detected. 

Potter, R. S. and Snyder, R. S., J. Ind. Eng. Chem. 7, 863 (1915). I'he 
determination of nitrates in soil. Use the phenoldisulfonic acid method as 
modified by Chamot and collaborators. 

Romijn, G., Chem. Wcckblad 12, 23 (1915); Chem. Zentr. 764 (1915). 

Arny, H. V. and Ring, C. H., J. Ind. Eng. Chem. 8 , 309 (1916); C. A. 10 , 
1146 (1916); see also Proc. 8 th Intern. Cong. Appl. Chem. 26, 319; cf. Arny 
and Pickhardt, Drug. Circ. 68 , 131 (1914) and J. Franklin Inst. Aug. 
1915. Color standards and colorimetric assays. Use colored solutions of 
CoClrhllaO, FcCle-hlUO, CuSOrSII^O to prepare standard color solutions. 
Phenolsulfonic acid method used for NO3. 

Potter, R. S. and Snyder, R. S., J. Am. Soc. Agron. 8 , 54 (1916). The deter- 
mination of nitrates in soil. 

Acel, D., Z. Nahr. Genussm. 31, 332 (1916); C. A. 11, 1493 (1917). Detection 
and quantitative determination of nitrates and nitrites in meats and sausages. 
The reaction between IINO 2 and a solution of a-naphihyJaminesulfanilic acid 
containing AcOH gives a red color which may be compared with standard 
solutions of fuchsin. Gives procedures both in presence and absence of 
nitrate. 

Kolthoff, I. M., Utrecht. Pharm. Weekblad 64, 633; C. A. 11 , 2701 (1917). 
Chemical study of potable waters. III. Ammonia, nitrite and nitrate. 

Smith, L., Z. anal. Chem. 66 , 28 (1917); J. Chem. Soc. 112 , ii, 217; C. A. 11 , 
2759 (1917). For determining HNOs, diphenylbenzidinc is about twice as 
sensitive as diphenylamine. 

Davis, C. W., J. Ind. Eng. Chcm. 9, 290 (1917); J. Chem. Soc. 112 , ii, 329 
(1917). The phenoldisulfonic acid method for estimating nitrates in soils. 

Tillmans, J., Z. anal. Chcm. 66 , 509 (1917); J. Soc. Chcm. Ind. 37, 163A; 
C. A. 12 , 1865 (1918). Sec also Z. Nahr. Genussm. 22 , 401 (1911) and 20 , 
676 (1910). Use of diphenylamine-sulfuric acid for colorimetric determina 
tions, e. g., of nitrates of milk. A reply to L. Smith (Z. anal. Chem. 66 , 28). 
Says method is trustworthy if test solution and standard are treated in 
exactly the same way. 

Phelps, E. B., and Shoub, H. L., J. Ind. Eng. Chem. 9, 767 (1917); J. Chem. 
Soc. 112 , ii, 504 (1917). Estimation of nitrates in sewage by means of (?-toli- 
dine.. 

Gericke, W. F., j. Ind. Eng. Chem. 9, 585 (1917); J. Chem. Soc. 112, ii, 421 
(1917); J. Soc. Chem. Ind. 36, 904 (1917). Estimation of nitrate in the 
presence of chlorides. Uses phenoldisulfonic acid reagent. 

Richardson, F. W., J. Soc. Chem. Ind. 33, 13 (1917); C. A. 11, 1383 (1917). 
Estimation of free sulphuric, nitric, and picric acids in the presence of each 
other. Uses phenoldisulfonic acid for HNO 3 . 
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Nichols, M. S., J. Ind. Eng. Chem. 9, 586 (1917); J. Soc. Chem. Ind. 36, 904 
(1917). A note on the phenolsulfonic acid method for nitrates in waters high 
in magnesium salt 

Oelsner, Alice, Z. angew. Chem. 31, 170, 178 (1918); J. Chem. Soc. 114, 
ii, 405 (1918). A survey of methods for the estimation of nitrites and 
nitrates in the same solution. 

Noyes, H. A., J. Ind. Eng. Chem. 11, 213 (1919); J. Soc. Chem. Ind. 38, 265A 
(1919). Estimation of nitrates in soil by the phenol-disulfonic acid method. 

Frederick, R. C., Analyst 44, 281 (1919); J. Chem. Soc. 116, ii, 371 (1919); 
Chem. News 118, 298 (1919); C. A. 13, 3259 (1919); J. Soc. Chem. Ind. 38, 
694 A (1919). Uses phcnoldisulfonic acid. 

Haun, F., Z. Nahr. Genussm. 39, 355 (1920); Analyst 46, 382 (1920). Prepara- 
tion of diphenylamine-sulphuric acid reagent. Heals the ILSO4 to reduce 
any trace of Fe *"^’'' to Fe+^ ^. Ferrous salts do not interfere with the HNOj 
test, but ferric salts cause a blue coloration in the diphenylaminc reagent. 

Kolthoff, I. M., Pharm. Weekblad 67, 1253 (1920); C. A. 16, 352 (1921); 
J. Soc. Chem. Ind. 39, 761 A (1920). Colorimetric determination of ammonia, 
nitrite, and nitrate. Studies were made of the influence of time, tempera- 
ture, amount of reagent and presence of impurities on the accuracy of colori- 
metric determinations. 

Snell, F. I)., Colorimetric Analysis, p. 108, I). Van Nostrand Co., New York, 
1921. Determination of nitric acid by brucine. 

Snell, F. D., ibid., p. 110, 1921. Determination of nitric add by diphenyl- 
bcnzidenc. 

Snei.l, F. D., ibid., p. Ill, 1921. Determination of nitric acid by phenolsul- 
fonic acid. 

Snell, F. D., ibid., p. 113, 1921. Determination of nitric acid by pyrogallol. 

Lampe, B., Wochschr, Brau. 39, 303 (1922); C. A. 17, 3066 (1923); J. Soc. 
Chem. Ind. 42, 198A (1923). Uses a simple modification of the Grandval and 


Lajoux method. 

Gimingham, C. T. and Carter, R. H., J. Agr. Sci. 13, 60 (1923); J. Chem. 
Soc. 124, ii, 577 (1923). Estimation of nitrates in soils by the phenoldisul- 


fonic acid method. 

Nixon, I. G., Chem. News 126, 261 (1923); Chem. Zentr. 94, IV, 226 (1923). 
A new test for nitrate and nitrite. Uses “G Salt (2.6.8 naphthol disul- 
fonic acid). A distinct red color is given by 0.02 mg. N as UNO:,, while with 
much smaller quantities a faint yellow color is obtained. Application of 
moderate heat often deepens the color. To make the test, 1 cc, 0 sainpe 
is mixed with 1 cc. concentrated II2SO4 and then 5 cc. of 1 per cent so ution 
“G Salt” added slowly. If nitrate or nitrite is present an intense wine red 

color develops. \ \ <0 

Scales, F. M. and Harrison, A. P., Ind. Eng. Chem. 16, 571 (1924); C. A^18, 
I960 (1924); Analyst 49, 405 (1924). Based upon Deniges, Bull, soc chim. 
[4], 9, 544 (1911). Mix equal volumes of 0.5 per cent strychnine sulfate in 
concentrated HCl and O.l per cent HgCb in pure water. 

Harper, H. J, Ind. Eng. Chem. 16, 180 (1924); J. Soc. Chem. Ind. 48, B268 
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(1924). The accurate determination of nitrates in soils. Uses phcnoldisul- 
fonic acid. 

Shmuk, a., Nauk. Agron. Zhur. 1, 562 (1924); Expt. Sta. Record 64, lii; 
C. A. 20, 3470 (1926). Determination of nitrates in fresh plant materials. 
Uses sulfophenol. 

Kolthoff, I. M., Chem. Weekblad 21, 423 (1924); J. Chem. Soc. 126, ii, 779 
(1924). The hydrostrychnine reagent for nitrites and nitrates. “Denigcs' 
method for prepg. the reagent (C. A. 6, 3712) is modified by replacing amal- 
gamated Zn with pure Zn. A piece of amalgamated Zn increases the stability 
of the reagent which is to be used within a short time. Blank tests arc 
necessary. Scales’ and Harrison’s modification (C. A. 18, 1960) using Mg 
instead of Zn yields inconsistent results. The reaction is carried out as 
recommended by Deniges, the max. coloration occurring after 5 10 min. 
standing. The reagent gives a red or pink coloration with nitrites, chromates, 
halogenates and ferricyanides in the presence and absence of coned. H.SOt, 
with nitrates and Fe only in the presence of the latter.” Mary Jacobsen, 
C. A. 19, 222 (1925). 

Ekkekt, L., Pharm. Zentr. 66, 649 (1925); J. Chem, Soc. 128, ii, 1093 (1925). 
The diphcnylamine reaction for nitrates. Points out the reaction is not 
specific for HNO.s, but arises from the presence of many other oxidizing 
agents. Tabulates the common oxidizing agents that produce a coloration. 

Hibbard, P. L., Ind. Eng. Chem. 17, 58 (1925), Modification of Scales’ 
method for determination of nitrates. Scales’ method is satisfactory only if 
any Na2C03 or NaOH present in the MgO is neutralized. 

VAgi, S., Z. anal. Chem. 66, 14 (1925). New reactions of nitrate and nitrile. 
“A soln. of 1-2 g. benzidine in 100 cc. of 50% AcOH dild. with 300 cc. of 
water reacts neither with nitrates nor chlorates but gives an intense yellow 
color with nitrite; 0.05 mg. of N2O.3 per liter suffices to give the test but 
100-200 cc. of the aq. soln. of nitrite and 10 cc. of the reagent must be used 
then. Nitrites, chlorates, FeCb and other oxidizers react with Na 1, 8-(ii- 
hydroxy-3, 6-naphthalencdisulfonate, 1, 5-naphtholsulfonic acid and Na 1, 
8-aminonaphtboldisulfonatc, which give colorations with nitrate. For the 
HNO3 test, 5 cc. of a nitrate soln., 5 cc. of coned. H2SO4 and a drop of the 
aq. soln. of these last 3 org. substances were used. The presence of 0.15 g. 
KNO3 per 1. could be detected. The first and last of the 3 compds. give a red 
or orange color and the other gives a wine red.” W. T. H., C. A. 19, 2000 
(1925). 

VAgi, S., Z. anal. Chem. 66, 101 (1925); cf. C. A. 19, 2000 (1925). New reac- 
tions for nitrate and nitrite. II. “Pyrogallol or pyrocatechol can be used 
for the colorimetric detn. of 0.5-1 mg. of nitrite. Five cc. of a 1% soln. 
in 50% AcOH should be used for 40 cc. of aq. soln.; reddish brown colorations 
are obtained which become yellowish on standing when pyrogallol is used. 
Nitrates give no color. HydroquinoP'in 50% AcOH gives an intense yellow 
coloration with nitrite but will not detect less than 1 mg. of N2O3 per 1. One 
g. of orcinol dissolved in 300 cc. of 50% AcOH is a good reagent for detecting 
1-5 mg. of N2O3 per L: an intense yellow coloration is produced. One g. of 
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resorcinol dissolved in 400 cc. of 25% AcOH gives a yellow color with nitrite 
and is suitable for the colorimetric detn. of 1-5 mg. of N^Oa per 1. L. Ilosvay 
recommended a soln. of sulfaniiic acid and a-naphthylamine as reagent for 
nitrite. Successful attempts were made to replace the latter constituent 
of the reagent. One g. of a-naphthol and 0.5 g. of sulfaniiic acid dissolved in 
100 cc. of AcOH and diluted with 300 cc. of water is a sensitive reagent for 
N2O3; a yellow-orange color is obtained, and the test is good for 0.0-1 mg. 
per 1. /3-Naphthol proved less satisfactory but nitrite can be used to dis- 
tinguish between a- and /3-naphthol as the tint is different in the test. A sensi- 
tive reagent for nitrite is obtained by dissolving 1 g. of pyrocatcchol and 0.5 g. 
of sulfaniiic acid in 100 cc. of AcOH and dilg. with 300 cc. of water. A pink 
color is obtained with 5 cc. of water contg. 0.1-1 mg. N^Oa per 1. Nitrite 
and nitrate both give green colorations with 1% pyrocatcchol or pyrogallol in 
coned. 112804. A soln. of 1 g. benzidine and 1 g. of Na aminonaphtholdisul- 
fonate (1, 8, 3,6) in 100 cc. of 80% AcOH and diluted with 300 cc. of water 
is a good reagent for 0.1-5 mg. N2O3. Five cc. to 40 cc. of nitrite soln. .should 
be used; a red coloration is obtained.’' W. T. II., C. A. 19, 2463 (1925). 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., p. 1416, D. Van 
Nostrand Co., New York, 1925. Determination of nitrates in water. Re- 
duces with A1 foil and Nesslerizes. 

Standard Methods for the Examination of Water and Sewage, 6 ed., pp. 19-22, 
American Public Health Association, New York, 1925. Uses the phenoldisul- 
foiiic acid and the reduction (with A1 foil) methods. 

Haase, L. W., Chcm.-Ztg. 60, 372 (1926); C. A. 20, 2472 (1926). Uses 5 per 
cent solution of brucine in pure CHCU. Colors produced arc intense; they 
do not change on standing 24 hours and good results are obtained with solu- 
tions containing 0.5 to 20 mg. of N2O6 per liter. Stronger solutions must be 
diluted. 

Nitrite (and Nitrous Acid). 

Holland, P., Chem. News 17, 123 (1868). Adds KI, then dilute H2SO« and 
matches the resulting iodine solution. 

Griess, P., Ann. Chem. u. Pharm. 164, 333; Z. anal. Chem. 10, 92 (1871). Used 
(1 : 3.5) diamidobenzoic acid. 

Kopp, E., Ber. 6, 284 (1872). Uses diphenylamine dissolved in H2SO4 for 
detecting and estimating nitrites and nitrous acid in commercial sulfuric acid. 

Fischer, F., Dingler’s polytech. J. 212, 404 (1874); J. Chem. Soc. 28, 185 
(1875). Estimation of nitrous acid in potable waters. Reviews several 
methods (mostly colorimetric). 

Nicholson, E., Chem. News 32, 163 (1875); J. Chem. Soc. 29, 744 (1876). 
On the estimation of nitrites in water. Prefers the reaction with KI to that 
with permanganate. Also mentions P. Holland’s colorimetric process 
[Chem. News 17, 123 (1868)]. * 

Nicholson, E., Am. Chemist 6, 297 (1875); from Chem. News 32, 163 (1875). 
The estimation of nitrites in water. Reviews several methods. 

Bottger, Jahresber. Tier-Chem., 1876, p. 918. Proposed using Kopp’s [Ber. 
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6 , 284 (1872)1 reaction for the detection of nitrites and nitrates in potable 
waters. 

Griess, P., Ber. 11, 624 (1878); J. Chcm. Soc. 34, 605 (1878); Z. anal. Chm. 
17, 369 (1878); ibid., 18, 127 (1879). Finds that metaphenylenedianiinc 
(m.p. 63°) may with advantage be substituted for diamidobenzoic acid. 
The development of the yellow color with nitrous acid is due to the formation 
of triamidoazobenzene: 2 C 6 H 8 N 2 + HNO 2 — > CnlluNs + 2 H 2 O. 

Preusse, C. and Tiemann, F., Ber. 11, 627 (1878); J. Chem. Soc, 34, 606 (1878). 
Colorimetric with metaphenylencdiamine as proposed by Griess. 

Leeds, A. R., J. Am. Chem. Soc. 1, 136 (1879); Z. anal. Chem. 18, 535 (1879); 
Chem, News 40, 38, 61 (1879); J. Chem. Soc. 36, 964 (1879). Detection ami 
estimation of nitrous acid in potable waters. Discusses colorimetric methods 
with (1) metadiamidobenzene (Griess) and (2) KI (Trommsdorf). 

Griess, P., Ber. 12, 426 (1879). 

Warington, R., J. Chem. Soc. 39, 231 (1881). Uses naphthylamine. 

Williams, M. W., Analyst 6, 36 (1881). Uses metaphenylencdiamine. 

Smith, A. P., Analyst 7, 65 (1882). On metaphenylenedianiinc as a reagent' 
for the determination of nitrites in water. 

Davy, E. W., Qhem. News 46, 1 (1882); J. Chem. Soc. 42, 1317 (1882). New 
and expeditious method for the determination of nitrites under various cir- 
cumstances. Uses gallic acid and little HCl or H2SO4. Exact limit not 
determined. Delicate to at least 1 part of nitrous acid in 20,000,000 parts 
of water. Method based on the oxidation of gallic acid by IINO 2 . 

Davy, E. W., Pharm. J. Trans. [3], 13, 466; J. Chem. Soc. 44, 515 (1883). 
Method based on the reaction: 

CrHeOe “f* 2 HNO 2 — ^ C6H40.<i + CO 2 + 2NO + 2 H 2 O. 

Gallic acid I'anno-melanic acid 

Hager, H., Chem. Zentr. 16, 586, 588; J. Soc. Chem. Ind. 4, 613 (1885). Di- 
phenylamine and crystallized phenol as reagents for nitrates and nitrites. 

Warington, R., Chem. News 61, 39 (1885). On the various methods of 
detecting nitrous acid. Shows Griess’ naphthylamine test the most delicate 
of all. 

Smith, A. P., Analyst 12, 50 (1887). Uses naphthylamine. 

Smith, A. P., Analyst 12, 152 (1887), Proves the accuracy of the naphthyla- 
mine test. 

Zambelli, L., Chem. Zentr., 1887, p. 45; J. Chem. Soc. 62, 533 (1887). Color- 
imetric determination of nitrites in water. Uses sulfanilic acid and «-naph- 
thol; also replaces a-naphthol with phenol. 

Lindo, D., Chem. News 68, 1, 15, 28 (1888). Phenol and some allied bodies as 
tests (with concentrated sulphuric acid) for nitrites, nitrates, and chlorates in 
aqueous solution. ^ 

Lunge, G., Z. angew. Chem. No. 23 (1889); Analyst 16, 17 (1890). Uses 
sulphanilic acid and naphthylamine. 

Ilosvay, L., Bull. soc. chem. [3), 2, 388 (1889). L’acide azoteux dans la sajive 
et dans I’air exhale. 
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WURSTEK, C., Ber. 22, 1909 (1889); J. Anal. Chem. 3, 424 (1889). An addi- 
tion of NH4AC to the water to be tested for nitrites according to Griess’ 
methods (Ber. 11, 624; 12, 427) causes a much more rapid development of 


the color. 

Thresh, J. C., Chem. News 62, 203; from the Pharmaceutical Era, Sept. 20, 
1890; J. Anal. Chem. 4, 455 (1890). The estimation of nitrites in potable 
waters. Uses KI and starch solution. 

RosENFELD, M., Z. anal. Chem. 29, 661 (1890); J. Chem. Soc. 60, 496 (1891). 
Estimation of nitric and nitrous acids in potable waters. Uses p\Togallol. 

Ormandy, R. and Cohen, J. B., J. Chem. Soc. 67, 81 1 (1890). A new method for 
the estimation of nitrates and nitrites in water. Use Al-Hg couple and 
determine NH* by Nessler’s reagent. 

Van Deventer, C. M. and JOrgens, B. H., Ber. 26, 932 (1893); cf. Ber. 26, 
589; J. Chem. Soc. 64, ii, 298 (1893). Investigation of potable water by 
Schaffer’s nitrite reaction. 

ILOSVAY, L., Z. anal. Chem. 33, 223 (1894); cf. Z. anal. Chem. 66, 101 (1925). 

A solution of sulfanilic acid and a-naphthylamine in acetic acid. 

Lunge, G. and Lwoff, A., Z. angew. Chem. 12, 345 (1894); J. Soc. Chem. Ind. 
14, 67 (1895); J. Chem. Soc. 66, ii, 398 (1894). Use the brucine reaction for 
HNO3 and a-naphthylamine and sulfanilic acid. 

Wiley, “Agricultural Analysis,” 1894, p. 567. Uses the coloration produced 
with a solution of ferrous salt. Picini’s method. 

Denige:s, G., j. Pharm. [6] 2, 289 (1895); J. Chem. Soc. 70, 336 (1896). De- 
scribes three reagents for nitrites: (1) two solutions, a, phenol, H:jS 04 and 
water; b, HgACi, HSOi and water; (2) aniline and glacial HAc in water; 


(3) resorcinol and H2SO4. 

Gill, A. H. and Richardson, H. A., J. Am. Chem. Soc. 18, 21 (1896); J. Chem. 
Soc, 70, 340 (1896); J. Soc. Chem. Ind. 16, 220 (1896). Estimation of 
nitrites in potable waters. Recommend removing peaty matter with an 
emulsion of alumina when testing |icitiy waters by Trommsdorff s lodo-zinc 


Starch test, or by Griess’ a-naphthylamine reaction. 

SCHUVIEN, M. C., Chem.-Ztg. 20, 722 (1896); J. Chem. Soc. 72, ii, 596 (18 7); 
J. Soc. Chem. Ind. 16, 743 (1896). A new reagent for detecting and estimat- 
ing nitrites. Ten per cent solution of antipyrin in lIAc. Green co oration 
produced by nitrites. Not interfered with by heavy metals or organic 
matter. Delicate to 1 in 20,000 or liettcr. K + + + salts, free HC 1, and H,SO. 

L., Chem. Zentr., 1896, 1, 1283; Mon. sci. (IV) 10, 351; J. Chem. 
Soc. 72, 343 (1897); J. Soc. Chem. Ind. 16, 617 (1896 . Estimation o ve y 
small quantities of nitrous acid. Reagent prei>arcd by dissolving 2 g. sul- 
phanilide and 2 g. phenol, in 25 cc. H,SO, and mixc wit 
Richard, P., Compt. rend. 123, 590; J. Soc. Chem. Ind. 16, 829 (1896). 

tion of nitrites in the presence of sfclfites. 

Barbet and Jandrier, J. pharm. chim. [6] 4, 248 (18 ), J. em. . , , 

234 (1897) Estimation of nitrites in waters. Propose resorcinol as a sub- 
stitute for metaphenylenediamine. 
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Riegler, E., Z. anal. Chem. 36, 306 (1897); J. Chem. Soc. 72, ii, 385 (1897); 
J. Soc. Chem. Ind. 16, 638 (1897). Uses 0.05 g. crystallized naphthionic acid 
and 5-6 drops concentrated llCl, shakes and adds 3 drops concent rat ( fl 
NH4OH. Rose-red color produced. Sensitive to 0.01 mg. N2O3 in 100 cc. 

Riegler, E., Z. anal. Chem. 36, 377 (1897); J. Chem. Soc. 72, ii, 464 (1897); 
J. Soc. Chem. Ind. 16, 699 (1897). Extremely sensitive reagent for detection 
and colorimetric estimation of nitrous acid. Solution made of 2 g. of pure 
sodium 1 ; 4-naphthylaminesulfonate and 1 g. |8-naphthol in 200 cc. and 
filtered. 

Konig, F. j., Chem.-Ztg. 21, 599 (1897); J. Chem. Soc. 74, ii, 313 (1898); J. .Sue. 
Chem. Ind. 16, 936 (1897). 

Alvarez, E. P., Compt. rend. 124, No. 6 (1897); Gazz. chim. ital. 128 (1897); 
Chem. News 79 (1899). Suggests recorsin and ^-naphthol as reagents for 
NO*, NO3, and CIO*. 

Paepe, D. de, Bull. Assocn. Beige des Chim. 12, 98; J. Soc. Chem. Ind. 17, 
875 (1898). Estimation of nitrites in water. Examines various colorimetric 
methods and gives preference to the following: 1. Zambelli’s reaction: a-napli- 
thol sulfanilic acid in alkaline solution. 2. Riegler’s reaction: /^-naphthol 
naphthonic acid in ammoniacal solution. 3. Griess’ reaction: a-naphthyla- 
mine sulfanilic acid, modified by Lunge and Lwoff. 

Erdmann, Bcr. 33, 210 (1900); J. Chem. Soc. 78, ii, 243 (1900). Detec- 
tion and estimation of very small quantities of nitrous acid. 50 cc. of the 
water to be tested are mixed with 5 cc. of an acidified solution of sodium 
sulphanilate (2 g. per liter) and about 0.5 g. l-amino-8-hydroxynaphtha- 
lenc-4 : 6 disulfonic acid added in the form of the acid sodium salt mixed 
with NajSO^. The coloration (Bordeaux-red) reaches its maximum intensity 
in about an hour and may be compared colorimetrically with that producc'd 
by a known amount of a standard nitrite solution. 

Erdmann, H., Z. angew. Chem. 13, 33 (1900); J. Soc. Chem. Ind. 19, 277 
(1900). Detection and estimation of nitrites in potable water. Uses alkali 
salt of l.l'.4.3'-amidonaphthol disulfonic add. 

Romijn, G., Chem.-Ztg. 24, 145 (1900); J. Chem. Soc. 78, ii, 510 (1900). Esti- 
mation of nitrous acid. Criticism of Erdmann’s view, etc., and his reagent. 
Results less satisfactory than with Griess’ reagent. 

Mennicke, H., Z. angew. Chem. 13, 235 (1900); J. Chem. Soc. 78, 438 (1900). 
Detection of nitrous acid in water by means of amino-naphthol-K-acid. 
Mennicke strongly recommends Erdmann’s method [Her. 33, 210 (1900)]. 

Mennicke, H., Z. angew. Chem. 13, 711 (1900); J. Chem. Soc. 78, ii, 621 
(1900); J. Soc. Chem. Ind. 19, 856 (1900). Detection of nitrous acid in 
water. Concludes Erdmann’s test most delicate of those examined and 
almost free from sources of error. Examined: starch-KI or Zn iodide; the 
4 modifications of Griess’ reagent, Rieglcr’s reagent and Erdmann’s reagent. 

Schultz, G., Chem. Zentr. 1902, i, 949; .Z. Farben-Textil Chem. 1, 37 (1902); 
J. Chem. Soc. 82, ii, 473 (1902). Estimation of nitrous acid in sodium nitrite. 
Confirmation of accuracy of estimating HNO* by means of sodium sulfanil- 
ate. Procedure not given. 
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LUNGE, G., z. angew. Chem. 16, 1 (1902); J. Soc. Chem. Ind. 21, 190 (1902). 
The supposed reaction of brucine with HNO2. “The statement made by 
Winkler [J. Chem. Soc. 80, ii, 627 (1901)] that hrucine reacts with nitrous 
acid as well as with nitric acid is entirely opposed to the author’s experience. 
He has repeated some of his experiments, which again prove that brucine 
only reacts with nitric acid, not with nitrous acid. If a reaction is obtained 
with a nitrite, this shows that the nitrous acid has been partly converted into 
nitric acid, a result that will always happen if the nitrous acid at the moment 
of its liberation does not come in contact with an excess of strong sulfuric 
acid so as to form the stable nitrosylsulfuric acid. If the directions given 
by the author and Lwoff [J. Chem. Soc. 66, ii, 298 (1894)] are carefully fol- 
lowed, nitrous acid cannot be mistaken for nilric acid.” L. de K., J. Chem. 
Soc. 82, ii, 288 (1902). 

Winkler, L. W., Z. angew. Chem. 16, 170 (1902); J. Chem, Soc. 82, ii, 353 
(1902); Analyst 27, 162 (1902). A reply to Lunge (Z. angew. Chem. 16, 1). 
The author communicates a scries of experiments showing that nitrites react 
quite as energetically as nitrates with brucine if only a moderate amount of 
free ILSOit is used. 

Lunge, G., Z. angew. Chem. 16, 241 (1902); J. Chem. Soc. 82, 427 (1902). 
A further reply to Winkler (Z. angew. Chem. 16, 170). Jhe author now 
acknowledges that when using a moderate amount of ILSOi the brucine 
reaction is also given by 1 1 NO2. He withdraws his previous remarks. 

Geelmuyden, H. C., Z. anal. Chem. 42, 276, 518 (1903). NO2, NO3, and NH, 


in sea water. 

Richardson, F. W. and IIollings, P., J. Soc. Chem. Ind. 22, 616 (1903). 

Use phcnoldisulfonic acid for NO3 and a-naphthylaminc for NO^. 

Tatlock, R. R. and Thomson, R. T., J. Soc. Chem. Ind. 23, 429 (1904). Ni- 
trites and nitrates in water. For NO.i use the phenolsulfonic acid method. 
NO2 oxidized to NO^ by H-O2 and then determined as NO3. 

Raikow, P., Oesterr. Chem. Ztg. 7, 557 (1904); Analyst 30, 174 (1905). The 
differentiation of nitric and nitrous acid by means of diphenylamine. 

Weston, R. S., J. Am. Chem. Soc. 27, 281 (1905); J. Soc. Chem. Ind. 24, 350 
(1905). Determination of nitrogen as nitrites in waters. Uses a-napht y - 
amine, sulfanilic acid and HAc (instead of HCl). Compares use of HAc 


and HCl. u 1 • 

Alvarez, E. P., Chem. News 91, 155 (1905). Observations on diphenylamine 
as reagent tor nitrites, nitrates, chlorates, anti its use when mixed “‘‘hjesorem 
and 3-naphthol. Use diphenylamine and resorcin for NO. and NO. and 
diphenylamine and ^-naphthol for CIO3. , 

Alvarez, E. P., Bull. soc. chim. 33, 717 (1905); Analyst 30, 285 (1905). Obser- 
vations on the use of diphenylamine as a reagent for nitrites, nitrates, an 


Kastle, j. H. and Elvove, E., 7th Intern. Cong. Appl. Chem., London, 1909, 
J. Soc. Chem. Ind. 28, 742 (1909); C. A. 4, 2696 (1910). Fuchsm-S as a 
permanent standard for the determination of , 

analysis. The pink color produced by a nitrite and Gness sulfanilic acid- 
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a-naphthylamine reagent can be exactly matched by a solution of acid 
magenta (fuchsin-S, acid fuchsin according to Weigert) which has been 
acidified with HCL 

Heim, F. and Herbert, A., Bull. sci. pharmacol. 16, 209; Chem. Zenir. 1909 

I, 2015. Determination of nitrogen acids in the atmosphere of worksiiops 
“Methods based on the amount of HNO2 only are not valuable. The colori- 
metric detn. with diphenylamiiie sulfate gives good results. Aspiralc a 
definite volume, about 1 liter of the air through a 10 cc. absorption tube iilKd 
with 5% KOH, dilute the soln. to 500 cc., and mix 1 cc. in a test lube with 
5 cc. of the reagent (0.2 g. diphenylamine to 1 liter of cone. 112804) and com 
pare the color with that produced by a std. soln. of KNO,,. One g. KKi), 
corresponds to 0.455 g. or 220 cc. HNO^; 0.0001 cc. of IINO2 may thus he 
detected. Other oxidizing gases (Cl, Br, 1, lIBr, HI, etc.) and organic mailer 
must be absent.” V. K. Chesnut, A. 4, 2080 (1910). 

POUGET, I., Bull. soc. chim. [4], 7, 449 (1910); C. A. 4, 2424 (1910); Z. anal. 
Chem. 60, 124 (1911). The determination of nitrites and nitrates by means 
of phcnolsulphonic acid. 

Meyerfeld, J., Chem.-Zlg. 34, 848 (1910); C. A. 4, 3178 (1910). Pyrogallol 
dimethyl ether, a sensitive reagent for chromic acid, ferric salts and nitrous 
acid. 

Armani, G. and Barboni, J., Chcm.-Ztg. 34, 994 (1910); C. A. 6, 3549 (1911). 
A reaction for determining nitrites. Use a saturated solution of benzidine 
acetate and dilute acetic acid. Color ranges from yellow to red depending 
on the concentration. 

Romijn, G., Pharm. Weekblad 48, 753 (1911). 

Deniges, G., Bull. soc. chim. [4], 9, 544 (1911); J. Chem. Soc. 100, ii, 655 (1911); 

J. Soc. Chem. Ind. 30, 827 (1911). Detection of nitrates and nitriles in 
water by means of reduced strychnine. Uses a reagent prepared by adding 
5 g. of Zn amalgam to a mixture of 5 cc. HCl (sp. gr. 1.18) with 5 cc. of a 1 per 
cent solution of strychnine sulfate. Boil, cool, and decant. 10 cc. water 
containing 0.0001 g. HNO2 per liter gives a red coloration with 0.5 cc. of the 
reagent. Nitrates give a color only in the presence of H2SO4. 

Deniges, G., Cornpt. rend. 162, June 19 (1911); Chem. News 104, 119 (1911). 
Rapid method of determining nitrates and nitrites in water. Uses strychnine 
reagent. 

Tillmans, J. and Sutthoff, W., Z. anal. Chem. 60, 473 (1911); J. Soc. Chem. 
Ind. 30, 918 (1911); C. A. 6, 3211 (1911), Use diphenylamine-sulfuric 
acid. 

Vermehren, a., Centr. Zuckerind. 19, 72; C. A. 6, 55 (191 1). The determina- 
tion and estimation of small quantities of nitric and nitrous acid in water. 
For HNO2, the author uses Riegler’s reagent, using 10 cc. of water, 10 drops of 
the reagent, 2 drops concentrated HCl, and then shaking with 20 drops 
NH2OH. A red coloration develops. '• 

Withers, W. A. and Ray, B. J., J. Am. Chem. Soc. 33, 708 (1911); J. Chem. 
Soc. 100, ii, 656 (1911); J. Soc. Chem. Ind. 30, 708 (1911). Modification of 
the diphenylamine test for nitrous and nitric acid. One part of nitrous nitro- 
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gen can be detected in 25 million, or 1 part of nitric nitrogen in 35 million by 
heating 15 to 20 min.; heating 1 hour increases the sensitiveness to I part 
in 32 million and 1 part in 44 million, respectively. 

Blanc, G., J. pharm. chim. 4, 205 (1911); J. Soc. Chem. Ind. 30, 1136 (1911). 
Examined the Znij and the mctaphenylencdiamine-H2S04 methods. Former 
rejected, the latter found satisfactory. 

Millkr, E. H., Analyst 37, 345; C. A. 6, 3380 (1912). Uses dimethylanilinc 
and HCl in aqueous solution. Yellow color obtained due to /^-nitrosodi- 
methylanilinc (15 min. to color). Gan deled 1 pari of HNO2 per million. 
Nitrates do not interfere. 

Elsdon, G. D., Chem. News 106, 243 (1912); C. A. 6, 2122 (1912). Deter- 
mination of nitrites in potable waters. Interference of ferric salts. “In the 
detn. of nitrites by means of the starch-iodide reaction, the presence of 
ferric salts influences the results obtained. One part of ferric iron per mil- 
lion parts of water gives a color which corresponds with that obtained with 
0.07 part of sodium nitrite; I part of iron in 50 million parts of water can 
just be detected by means of the starch-iodide reaction, while I part in 10 
millions gives an appreciable reaction. The coloration is obtained when ferric 
iron and nitrates are present together. Ferrous iron does not itself yield 
a coloration but it diminishes the color produced by nitrites, d'hc author 
prefers the Griess-Ilosvay method for the determinalion of nitrites.” W. P. 
S., J. Soc. Chem. Ind. 31, 600 (1912). 

Priaiot, Bull, sci. pharmacol, 19, 546 (1912), The determination of nitrous 
acid in water. “ By comparison of color produced by EtOH soln. of benzidine, 
o-toluidine or dianisidine. Sulfates and free mineral acids must be removed.” 
E. H. Grant, C. A. 7, 1069 (1913). 

Vandevelde, A. J. J., Ghent. Doc. comm, intern, unif. meth, anal. denr. alim. 
1912, 118; thru Bull. soc. chim. bclg. 26, 422; C. A. 7, 669 (1913). Rapid 
and approximate estimation of ammonium and nitrous ions in potable 
water. 

Autenrieth, W. and Funk, A., Z. anal. Chem. 62, 137 (1913); C. A. 7, 3627 
(1913). Colorimetric methods for water analysis by the use of the Auten- 
rieth-Koenigsberger colorimeter. Details are given for the estimation of 
NH*, HNO2, IINO3, Fe, Pb, and IDS. 

Bornand, M., Chem. Zentr., 1913, ii, 1823; from Mett. Lebensmittelunters. 
Hyg. 4, 285 (1913); J. Chem. Soc. 106, ii, 144 (1914); C. A. 8, 768 (1914). 
Comparative investigation of certain reactions for the detection of nitrites in 
potable water. Compares experimentally the methods of (1) von Ilosvay- 
Lunge, (2) Rochaiz, (3) Barbct and Jandrier, (4) Deniges, and (5) Chwilcwsky. 
All satisfactory except Deniges’, which is unsuited for practical use on account 
of the unstability of the reagent. Method of von Ilosvay-Lunge preferred. 

Lombard, M,, Bull. soc. chim. 13, 3C4 (1913); C. A. 7, 2265 (1913) ; J. Chem. 
Soc. 104, ii, 429 (1913); J, Soc. Chem. Ind. 32, 447 (1913); Z. anal. Chem. 63, 
135 (1914). Practical method of determining nitrites in potable waters. 

Elsdon, G. D. and Sutcliffe, J. A. L., Analyst 38, 450 (1913); C. A. 8, 185 
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(1914). Nitrates and nitrites in milk. Uses the brucine-sulfuric acid 
method for nitrates and the Griess-llosvay method for nitrites. 

Letts, E. A. and Rea, F. W., Analyst 39, 350; C. A, 8, 3402 (1914); J. Soc. 
Chem. Ind. 33, 938 (1914). Fresenius’ method for determining small quan- 
tities of nitrites, and its sensitiveness compared with the w-phenylenediamine 
reaction. Uses a modified Fr. method. Zn-iodide-starch. Method will 
detect 0.00025 mg. N in 7-8 minutes. About 20 times more sensitive than 
the w-phenylenediamine method. 

Marqueyrol and Muraour, H., Bull. soc. chim. [IV] 16, 186 (1914); J. Soc. 
Chem. Ind. 33, 335 (1914). At the end of the paper they suggest that diphe- 
nylbenzidine might be substituted with advantage for diphenylaniine when 
testing for oxidizing agents, such as nitrites, but only the suggestion is made, 
and no details of any such method are given. 

Romijn, G., Chem. Weekblad 11, 115 (1914); C. A. 9, 1644 (1915); J. Soc. 
Chem. Ind. 34, 631 (1915). For the determination of HNO2 in drinking 
water, the ordinary colorimetric method with a-naphthylamine and sulfanilic 
acid is modified by adding the reagent in the form of a dry powder containing 
a-naphthylamine 1, sulfanilic acid 10 and tartaric acid 89 parts. 

Letts, E. A. and Rea, F. W., J. Chem. Soc. 105, 1157 (1914); Proc. Chem. Soc. 
30, 72; C. A. 8, 2323 (1914); J. Soc. Chem. Ind. 33, 570 (1914). An extremely 
delicate colorimetric method for detecting and estimating nitrates and 
nitrites. Diphenyl benzidine used for nitrates. Nitrites oxidized by KMnO^ 
and similarly determined. 

Acel, D., Z. Nahr. Genussm. 31, 332 (1916); C. A. 11, 1493 (1917). Detec- 
tion and quantitative determination of nitrates and nitrites in meats and 
sausages. Tlie reaction between IINO2 and a solution of a-naphthylamine- 
sulfanilic acid containing AcOH gives a red color which may be compared 
with standard solutions of fuchsin. Gives i)rocedures both in presence and 
absence of nitrate. 

Arny, H. V. and Ring, C. IL, J. Ind. Eng. Chem. 8, 309 (1916); C. A. 10, 1146 
(1916); see also Proc. 8th Intern. Cong. Appl. Chem. 26, 310; cf. Arny and 
Pickhardt, Drug. Circ. 68, 131 (1914) and J. Franklin Inst. Aug. 1915. Color 
standards and colorimetric assays. Use colored solutions of CoCla-OH/), 
FeCl8-6H20, CuS04-5ll20 to prepare standard color solutions. Use sul- 
fanilic acid and naphthylaminc hydrochloride for NO2. 

Kolthoff, I. M., Utrecht. Pharm. Weekblad 64, 633; C. A. 11, 2701 (1917). 
Chemical study of potable waters. III. Ammonia, nitrite and nitrate. 

Oelsner, Alice, Z. angew. Chem. 31, 170, 178 (1918); J. Chem. Soc. 114, ii, 
405 (1918). A survey of methods for the estimation of nitrites and nitrates 
in the same solution. 

Quartaroli, a., Gazz. chim. ital. 48, I, 102 (1918); C. A. 13, 1684 (1919); 
Chem. Zentr. 93, II, 728 (1922); Z. anal. Chem. 62, 469 (1923). Estimation 
of minute quantities of nitrites and h;^drogen peroxide in presence of each 
other. 

Anon, Apoth. Ztg. 34, 25 (1919); C. A. 13, 3253 (1919). Detection and estima- 
tion of nitrites in meat. 
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[’OOMBS, C., J. S. African Assocn. Anal. Chcm. 2 , 3 (1919); J. Soc. Chem. Ind. 
38, 267 A (1919). Determination of nitrous fumes in mine air. “The sample 
of air is well shaken with a small quantity of dilute KOH soln. in which the 
nitrate and nitrite are then determined colorimctrically by the methods em- 
ployed in water analysis, e.g., by the phenolsulfonic acid or the Griess- 
llosvay method.” E. J. C., C. A. 13, 2650 (1919). 

AuKRBACH, F. and Riess, G., Arb. Reichsgcsundh. 61, 532 (1919); C. A. 14, 
781 (1920); J. Soc. Chem. Ind. 38, 920A (1919). Determination of small 
quantities of nitrites especially in salted meat. “'Fhe colorimetric detn. of 
nitrites by means of w-phenylenediamine is inaccurate owing to the fact that 
the relationship between the conen. and the intensity of color does not agree 
with Beer’s law and also owing to the influence of chlorides. I'hese errors 
are eliminated by adding AcONa and AcOH to the nitrite solns.” J. Soc. 
Chem. Ind. 

TREADWf:LL, F. P. and Hall, VV. T. (Translator from the German), Analytical 
Chemistry, Vol. II, Quantitative Analysis, 5 ed., p. 344, John Wiley and Sons, 
Inc., New York, 1919. 

Prescher, j., Pharm. Zentralhalle 61, 63 (1920); C. A. 14, 1718 (1920). The 
detection of nitrites in meat, sausage and brine. A diluted lb.S04 extract 
of the meat or sausage treated with w-phenylenediamine reagent gave a yellow- 
brown color when nitrites were present. 

Berger, H., Z. Nahr. Genussm. 40, 225 (1920); C. A. 16, 1176 (1921). Critical 
studies of the detection of nitrous acid in tap water. 

Koltiioff, I. M., Utrecht. Pharm. Weekblad. 67, 1253 (1920); C. A. 16, 352 
(1921); J. Soc. Chem. Ind. 39, 761 A (1920). Colorimetric determination 
of ammonia, nitrite and nitrate. Studies were made of the influence of time, 
temperature, amount of reagent, and presence of impurities on the accuracy 
of colorimetric determinations. For nitrites, the Griess-Roinijn reagent is 
very easily affected by time, temperature, concentration, etc. 

Sefton, L. B., Bur. Standards, Tech. Paper 149, 10 (1920); Chem. Trade J. 
66, 755 (1920); C. A. 14, 1504 (1920). Estimation of nitrates and nitrites in 
battery acid. From a study of more than 50 methods given in the literature, 
Sefton concludes: “(1) Nitrates cannot be estd. in the presence of nitrites, but 
nitrites can be estd. in the presence of nitrates. (2) The results from the 
‘hydrostrychnique’ and from the brucine methods may be expressed in terms 
of the total quantity of nitrates and nitrites. (3) The diphenylamine test 
for nitrates and the iodine test for nitrites are unreliable. (4) In the absence 
of Fe, the ‘hydrostrychnique’ (cf. Deniges, C. A. 6, 3712; 8, 3699) or the 
modified brucine test is recommended for the dcln. of nitrates and nitrites. 
(5) In the presence of Fe, only the original brucine test fcf. Lunge and Lwoff, 
Z. angew. Chem. 7, 345 (1894)1 may be used for the detn. of nitrates and 
nitrites. (6) The dimethylaniline test [cf. Miller, C. A. 6, 3380] was found 
to be best for the detn. of nitrites.” The recommended methods are given 
in detail. 

Eck, P. N. van. Water, 1920, 127; Chem. Weekblad 17, 678. Determination 
of nitrites with the Griess reagent. “Some salts, as NaCl, accelerate the 
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nitrite reaction with Gricss reagent, others have no influence; others, as 
borax, retard it. Certain org. compds. also retard the reaction, but tliis 
effect can generally be overcome by adding a little H 2 SO 4 and NaCl.” j. I'. 
Smith, C. A. 16, 998 (1921). 

Meerburg, P. a., Chem. Weekblad 17, 577 (1920); Analyst 46, 65 (1921). 
Estimation of nitrite in water. Uses the Griess-Romijn reagent (naphthyb 
amincsulfanilic acid-tartaric acid) and adds NaCl to accelerate the reaction. 
Bicarbonates retard the reaction and should be neutralized before adding 
NaCl. 

Bach, A. and Starsky, B., Compt. rend. 171, 1175 (1920); Ber. ges. Physiol 
exptl. Pharmakol. 6 , 241 (1921). Protein split products in blood serum. 
Determine nitrite by Ilosvay-Lungc method. 

Snell, F. D., Colorimetric Analysis, p. 114, D. Van Nostraiid Co., New York, 
1921. Determination of nitrous acid by sulfanilic acid and a-naphthylamiiie. 
Snell, F. D., ibid., p. 115, 1921. Determination of nitrous acid by metaphe- 
nylcncdiamine. 

Snell, F. D., ibid., p. 116, 1921. Determination of nitrous acid by ZnD-starch 
solution. 

Snell, F. D., ibid., p. 117, 1921. Determination of nitrous acid by a-naph- 
thylamine hydrochloride. 

Rodillon, G., J. pharm. chim. [7] 26, .176 (1922). 

Nixon, I. G., Chem. News 126, 261 (1923); Chem. Zentr. 94, IV, 226 (1923). 
A new tc.st for nitrate and nitrile. About 1 cc. of sample is mixed with an 
equal volume of concentrated IT 2 SO 4 , and then 5 cc. 1 per cent .solution “G 
Salt” slowly added. If nitrate or nitrite is present, an intcn.se wine-red color 
develops. Test is very delicate, 0.02 mg. N as HNO .1 gives a dist inct red 
color, wliile much less than this amount gives a faint yellow color. 

Coquillat, A., Anales soc. espan. ffs. qufm. 22, 523 (1924); C. A. 19, 1236 
(1925). The determination of nitrites by the 'rromsdorff reagent. 

Kolthofe, I. M., Chem. Weekblad 21, 423 (1924); C. A. 19, 222 (1925). 
J. Chem. Soc. 126, ii, 779 (1924). The hydrostrychninc reagent for nitrites 
and nitrates. See the abstract of this paper under Nitrate. 

Store. H. and Horn, M., Wasscr u. Gas. 14, 175 (1924); C. A. 18, 873 (1924). 

The determination of nitrites in water with neutral red. 

Milligan, L. H., J. Phys. Chem. 28, 544 (1924); C. A. 18, 2660 (1924). Uses 
w-phenylenediaminc hydrochloride for nN() 2 . 

Novelli, a., Anales asoc. qufm. Argentina 13, 13 (1925). “The reagent is 
prepd. l)y dissolving 5 g. pure resorcinol in 150 cc. of distd. II 2 O and adding 
5 drops of a 26% FeCU soln., which gives an intense violet color. On boiling, 
color slowly fades, leaving a yellow soln. Boiling is continued a few min., 
then the soln. is cooled. To test for nitrites put a few cc. of the suspected 
soln. into a test tube, add 1-2 drops of AcOH to free the HNO 2 and a few 
drops of the above reagent. In the presence of HNO 2 an intense green color 
forms. By using 100 cc. of the suspected soln. 1 part of HNO 2 in 10,000,000 
can be detd. Mineral acids, alkalies and V salts interfere, the latter in 
CQncn. as low as 1/10,000.” E. M. Symmes, C. A. 19, 3230 (1925), 
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Vagi, S., Z. anal Chem. 66, 436 (1925) ; C. A. 19, 1920 (1925). The uncertainty 
in the determination of nitrous acid in ground waters by the Feldhaus-Kubel 
method. 

Vagi, S., Z. anal. Chem. 66, 14 (1925); C. A. 19, 2000 (1925). New reactions 
of nitrate and nitrite. See the abstract of this paper under Nitrate. 

Vagi, S., Z. anal. Chem. 66, 101 (1925); cf. C. A. 19, 2000; C. A. 19, 2463 
(1925) . See the abstract of this paper under Nitrate. 

Scott, W- W., Standard Methods of Chemical Analysis, 4 ed., p. 1414, D. Van 
Nostrand Co., New York, 1925. Determination of nitrites in water. Uses 
sulfanilic acid and a’liaphthylamine acetate. 

Standard Methods for the Examination of Water and Sewage, 6 ed., p. 18, 

" American Public Health Association, New York, 1925. Uses sulfanilic acid 
and a-naphthylamine acetate. 

Bernouilli, a. L., Helv. Chim. Acta. 9, 827 (1926); C. A. 21, 30 (1927). The 
sliding-gage colorimeter and the determination of minute quantities of 
ammonia, nitrite, lead, and iron. By means of this instrument it is possible 
to determine 0.002 mg. of Fe dissolved in 0.1 cc. with an accuracy of 0.4 of 
1 per cent of the total amount present. 


Nitrogen. (See also Ammonia and Amino-acids.) 

Leffmann, H. and Beam, W., Am. Chem. J. 11, 274 (1889); Analyst 14, 168 
(1889); Chem. News 69, 310 (1889). The estimation of the total organic 
nitrogen in water by the K jeldahl i)roccss. Use Nessler’s reagent . 

Drown, T. M. and Martin, H., Technology Quarterly (Boston) 2, No. 3 and 
Chem. News 69, 272 (1889). On the determination of the organic nitrogen 
in natural waters by the Kjcldahl method. Use Wanklyn’s process. 

Petren and Grabe, Jernkontorets Ann. 61, 27; Stahl u. Eiseii 27, 1700; 
Chem. Zentr. 79, 673; C. A. 2, 1400 (1908). The determination of nitrogen m 
iron and steel. A colorimetric and a volumetric method are given. 

Hawk, P. B. and Grindley, H. S., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 

4, ix (1908). ^ . 

Foun, ()., Farmer, C., Macallum, A. B. and Pettibone, C. V. J., 1 roc. Am. 
Soc. Biol. Chem., J. Biol. Chem. 9, ix (1911). Some new technique for the 
determination of total nitrogen, ammonia ami urea in urine. Use Nessler s 


Friebl, G., Oesterr.-ungar. Z. Zurkerind. Landw. 40, 274 (1911). Colori- 
metric determination of harmful nitrogen m sugar beets. 

Folin, 0. and Farmer, C. J., J. Biol. Chem. 11, 493 (1912). ^ A new method for 
the determination of total nitrogen in urine. Use Nessler s reagent. 

Folin, O. and Denis, W., J. Biol. Chem. 11, 527 (1912). New methods for the 
determination of total non-protein nitrogen, urea and ammonm in blood 
Denis, W., J. Biol. Chem. 13, 225 (1912-13). The urine of the fish. Deter- 
mine total nitrogen by method of Folin and Farmer; urea by the KAc method 
of Folin; ammonia and uric acid by methods of Folin and Macallum. 

Fiske, C. H. and Karsner, H. T., J. Biol. Chem. 16, 399 (1913-14). Urea 
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formation in the liver. Determine total non-protein nitrogen, urea and 
ammonia by methods of Folin and Denis. 

Fiske, C. H. and Sumner, J. B., J. Biol. Chem. 18, 285 (1914). The impor- 
tance of the liver in urea formation from amino-acids. Use method of Folin 
and Denis [J. Biol. Chem. 11, 527 (1912)] for non-protein nitrogen and urea, 
also ammonia with slight modifications in the case of tissue. 

Gulick, a., j. Biol. Chem. 18, 541 (1914). An improvement on the Folin- 
Farmer method. 

Bock, J. C. and Henedict, S. R., J. Biol. Chem. 20, 47 (1915). An examina- 
tion of the Folin-Farmer method for the colorimetric estimation of nitrogen. 

Harding, V. J. and M.acLean, R. M., J. Biol. Chem. 20, 217 (1915). A colori- 
metric method for the estimation of amino-acid a-nitrogen 

Greenwald, I., J. Biol. Chem. 21, 61 (1915). The estimation of non-protein 
nitrogen in blood. Nesslerizes. 

Harding, V. J. and Warneford, F. H. S., J. Biol. Chem. 21, 69 (1915). A 
note on the determination of nitrogen by the Kjeldahl-Folin-Farmer method. 

Folin, 0., J. Biol. Chem. 21, 195 (1915). Note in defense of the Folin-Farmer 
method for the determination of nitrogen. 

Taylor, A. F. and Hulton, F., J. Biol. Chem. 22, 63 (1915). On the estima- 
tion of non-protein nitrogen and glucose in finger blood. A modification of 
the Folin method. 

Taylor, A. E. and Lewis, H. B., J. Biol. Chem. 22, 71 (1915). A study of the 
protein metabolism under conditions of repeated hemorrhage. Determine 
non-prolein nitrogen by the method of Folin applied macrochemically. 

Pepper, 0. H, P. and Austin, J. H., J. Biol. Chem. 22, 81 (1915). Experimen- 
tal studies of urinary and blood nitrogen curves after feeding. Determine 
non-protein nitrogen l)y Folin’s method. 

Hammett, F. S., J. Biol. Chem. 22, 551 (1915). The nitrogen excretion of the 
cat during a purine-free and a purine-rich diet. Uses microchemical methods 
of Folin. 

Harding, V. J. and MacLean, R. M., J. Biol. Chem. 24, 503 (1916). A colori- 
metric method for the estimation of amino-acid of-nitrogen. II. Application 
to the hydrolysis of proteins by pancreatic enzymes. 

Hulton, F., J. Biol. Chem. 26, 163 (1916). The formation of specific pro- 
teoclastic ferments in response to the parenteral injection of foreign proteins. 
Non-protein nitrogen by Folin’s method. 

Gettler, a. O. and Baker, W., J. Biol. Chem. 26, 211 (1916). Chemical and 
physical analysis of blood in thirty normal cases. 

Folin, 0. and Denis, W., J. Biol. Chem. 26, 473 (1916). Nitrogen determina- 
tions by direct Nesslerization. I. Total nitrogen in urine. II. Non-protein 
nitrogen in blood. 

Kahn, R. L., J. Biol. Chem. 28, 203 (1916-17). The Folin and Denis method 
of nitrogen determinations by direct J^esslerization, and its application to 
spinal fluids. 

Pearce, R. G., J. Lab. Clin. Med. 2 , 130 (1916). Review of the Folin and 
penis methods for the determination of nitrogen by direct Nesslerization, 
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Folin, 0., Doisy, E. a., Bell, R. and Denis, W., Proc. Am. Soc. Biol. Chera., 
J. Biol. Chem. 29, xxxvi (1917). Demonstrations bearing on colorimetric 
creatinine arid nitrogen determinations. Title only. 

Denis, W. and Kramer, J. G., J. Biol. Chem. 30, 189 (1917). The influence of 
protein intake on creatine excretion in children. Total nitrogen by Folin 
and Denis method. 

Grigaut, a. and Guevin, F., Compt. rend. soc. biol. 81, 1138 (1918). Non- 
protein nitrogen in blood. Nesslerizes. 

Greenwald, I., J. Biol. Chem. 34, 97 (1918). The estimation of non-protein 
nitrogen in blood. Says N may be determined by the direct Nesslerization 
procedure of Folin and Denis. 

Langstroth, L., j. Biol. Chem. 36, 377 (1918). Notes on Folin’s direct Ness- 
lerization method for the determination of nitrogen. 

Egerer, G. and Ford, F., J. Lab. Clin. Med. 4, 439 (1918-19). Picramic acid 
as a standard in colorimetric determination of nitrogen by Nessler’s method. 

Denis, W. and Minot, A. S., J. Biol. Chem. 37, 353 (1919). Methods for the 
quantitative determination of the non-protein nitrogenous constituents of 
milk. Nesslerize. 

Folin, 0. and Wu, H., J. Biol. Chem. 38, 81 (1919). A system of blood analysis. 
For non-protein nitrogen; Nesslerize by Folin-Denis process. 

Peters, A. W., J. Biol. Chem. 39, 285 (1919). The micro determination of 
nitrogen by direct Nesslerization and of total solids, in drop quantities of 
human blood. 

Myers, V. C., J. Lab. Clin. Med. 6, 418 (1919-20). Estimation of non-protein 
and urea nitrogen. 

Heyde, H. C. van der, j. Biol. Chem. 46, 421 (1921). The composition of the 
urine and the blood of the hibernating frog, rana vircscens kalm. (Pipiens 
gm.) Total N by Nesslerization. 

McEllroy, W. S. and Pollock, H. 0., J. Biol. Chem. 46, 475 (1921). On the 
rate of nitrogen elimination. Total N urea in urine, etc., by f olin’s methods. 
Non-protein N and urea in blood by methods of Folin and Wu. 

Rakestraw, N. W., j. Biol. Chem. 47, 569 (1921). Chemical factors in fatigue. 
1. The effect of muscular exercise upon certain common blood constituents. 
Non-protein N, etc., by Folin and Wu methods. Substitute pure cholesterol 
in chloroform for naphthol green B. 

Nelson, E. E. and Greene, C. W., J. Biol. Chem. 49, 47 (1921). Ihe chem- 
ical composition of the ovaries of fresh water Gar. Lepidostens. Total N by 
Folin-Farmer method. 

Friedrichs, 0. v., Arch. Pharm. 269, 158 (1921); C. A. 16, 786 (1922). Con- 
ditions for the suitable preparation of Nessler’s reagent for pharmacopeias. 
Of 10 methods of preparation considered, the method of F. is believed to be 
the best, viz.: Shake 2 g. KI and 3.5 g. finely powdered HgG with 3 cc. water, 
add 60 cc. 0.2N KOH, then dilute to 100 cc. with water. After several days 
decant off the clear liquid, or pass it through asbestos. 

Folin, 0. with Wu, H., J. Biol. Chem. 61, 377 (1922); C. A. 16, 1789 (1922). 
A new colorimetric method for the estimation of the amino-acid nitrogen in 
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blood. Method based on the red coloration produced when amino-acids rcaet 
with /a-naphthaquinonesulfonic acid in alkaline solution. 

Folin, 0., J. Biol. Chem. 61, 393 (1922); C. A. 16, 1790 (1922). A colorimctrie 
determination of the amino-acid nitrogen in normal urine. Uses “Permutit ” 
to remove NiU. 

SwoBODA, F. K., J. Biol. Chem. 62, 91 (1922). Nitrogen nutrition of yeast. 
Nesslerizes. 

Riffart, H., Biochem. Z. 131, 87 (1922); J. Chem. Soc. 122, ii, 718 (1922), 
Uses the “ninhydrin” reaction for the determination of amino-acid nitrogen. 

Denis, W., J. Biol. Chem. 64, 693 (1922). The non-protein organic constituents 
in the blood of marine fish. Non-protein nitrogen, urea, creatinine and 
glucose by P'olin-Wu method, uric acid by Benedict’s, etc. 

Riffart, IT, Z. Nahr. Genussm. 44, 225 (1922); Analyst 48, 179 (1923). 
Estimation of amino-acid nitrogen in foods by means of the “ninhydrin” 
method. 

Hubbard, R. S., J. Biol. Chem. 66, 357 (1923). Ingested fat and body fat as 
precursors of the acetone bodies. Modifies Folin- Wu modification of Folin- 
Denis method for nitrogen. 

Wong, S. Y., J. Biol. Chem. 66, 431 (1923). The use of persulfate in the estima- 
tion of nitrogen by Folin’s direct Nesslerization method. 

Morris, J. L. and Jersey, V., J. Biol. Chem. 66, 31 (1923). Chemical con- 
stituents of saliva as indices of glandular activity. Urea plus ammonia 
nitrogen, ammonia nitrogen, etc., by Folin-Wu methods. 

Hauen, R. L., j. Biol. Chem. 66, 469 (1923). A modification of the Folin-Wu 
method for making protein-free blood filtrates. 

Bishop, G. H., J. Biol. Chem. 68, 567 (1923). Autolysis and insect metamor- 
phosis. Nitrogens by Folin-Wu methods. 

Karr, W. G., J. Lab. Clin. Med. 9, 329 (1923--24). A method for the determi 
nation of blood urea nitrogen. Blood urea nitrogen is determined in the 
tungstic acid filtrate by urease conversion, Nesslerization, and colorimetric 
comparison without removal of the ammonia from the digestion mixture. 
Use an artificial color standard solution of Fe, Co, and Ni chlorides. 

Greenp:, C. II., Sandiford, K. and Ross, IL, Jr., J. Biol. Chem. 68, 845 (1923- 
24). The amino-acid content of the blood in normal and pathologic condi- 
tions. Folin’s method for amino nilrogen. 

Updegraff, H. and Lewis, H. B., J. Biol. Chem. 61, 633 (1924). A quant ita 
live study of some organic constituents of the saliva. Nitrogen and glucose 
by Folin-Wu methods. Uric acid by Benedict’s method. 

Koch, F. C. and McMeekin, T. L., J. Am. Chem. Soc. 46, 2066 (1924). 

Harding, V. J., Allin, K. D. and Van Wyck, H. B., J. Biol. Chem. 62, 61 
(1924-25). The influence of sodium chloride upon the level of blood uric 
acid. Non-protein N by Folin-Wu method. Urea by Van Slyke-Cullen 
method. 

Swanson, W. W., J. Biol. Chem. 62, 565 (1924-25). The effect of sodium 
benzoate ingestion upon the composition of the blood and urine with especial 
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reference to the possible synthesis ot glycine in the body, Amino-ncid N by 
Folin’s method. 

Sevkinghaus, E. L. and Hipple, F., J. Lab. Clin. Med. 10, <AU (1924-25). 

Sources of error in blood urea and nitrogen dclerminalion. 

Bock, J. C. and Gilbert, M., Proc. Am. Soc. Biol. Chem.. J. Biol. chem. 63, 
,\xxix (1925). On the determination of non-protein nitrogen in very small 
amounts of blood. Ncsslerization. 

Maix, E, R. and Locke, A. 1>., J. Biol. Chem. 64, 75 (1025). The determination 
ot small amounts ot protein nitrogen. Use KeulTcl and Esser color .inalyzer. 
Nesslerize. 

Richmo.nd, II. D., Analyst 60, 67 (1925); A. 19, 2610 (1925). IVeparalion 
of Ncsslcr’s solution. 

Richmond. H. D., Analyst 60, 336 (1925); C. A. 19, 2921 (1925). Preparation 
of Nessler’s solution. 

Rose, R., J. Biol. Chem. 64, 253 (1925). \ micro method for determining 
nitrogen. Ncsslerizes. 

Lewis, H. B., with the cooperation of H. Gpdegkaff, J. Biol. Chem. 66, LS7 
(1925). I he metabolism of sulfur. Ihc effect of repealed administration 
of small amounts of cystine. Amino acid N by Folin method. 

Haden, R. L. and Orr, T. G., J. Biol. Chem. 66, 479 (1925). Chemical lindings 
in the blood of the normal dog. Non-protein N, sugar, and creatinine l)y 
K)lin-Wu method. Amino-acid by Folin’s method. 

Lennox, W. G., with the assistance of M. O’Connor, J. Biol. Chem, 66, 521 
(1925). A study of the retention of uric acid during fasting. Blood amino 
acid N by FoHn-Wu method. Urine total N by Folin-Dcnis method. 

Na.sh, T. P., Jr., with the assistance of B. K. Harned and W. B. Wendel, j. 
Biol. Chem. 66, 869 (1925), Observations on the mechanism of phlorhizin 
diabetes. Non-protein N by a micro Kjcldahl-dislillation-Nesslerization 
technique. 

CUNY, L., J. pharm. chim. [8] 3, L50 (1926); C. A. 20, .5477 (1926). Non-pro- 
tein nitrogen in serum. 

Hawk, P. B, and Bekgeim, O., Practical Physiological Chemistry, 9 ed., 
P. Blakiston’s Son and Co., Philadelphia, 1926. Determination of non-protein 
nitrogen in blood, pp. 368-370. Determination of nitrogen in urine, pp. 
714-719. 

Hawk, P, B. and Bergeim, (),, ibid ., 1926. Determination of amino acid 
nitrogen in blood, p. 380; in urine, p. 731. 

Keeinmann, H., Biochem. Z. 179, 287 (1926). Microcolorimetric nitrogen 
determination. The total and non-protein nitrogen determination in blood 
drops. 

Golub, W., Z. anal. Chem. 70, 119 (1927); C. A. 21, 1076 (1927). Determina- 
tion of nitrogen in foods and other substances. Ncsslerizes. 

Seidel, W., Deut. med. Wochschr. 63, 278 (1927); C. A. 21, 1284 (1927). The 
Folin procedure is recommended for the determination of the rest N in blood 
but the Kjeldahl method is preferred for its determination in urine. 
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Nitro-glycerine. 

ScoviLLE, W. L., Am. J. Pharm. 83, 359; C. A. 6, 3319 (1911); Z. anal. Chcm. 
61, 780 (1912). The estimation of minute quantities of nitro-glycerine. Evap- 
orates spontaneously, treats with phenoldisulfonic acid solution, makes 
slightly alkaline with KOII, dilutes to 100 cc. and compares with a standard 
solution. 

Nitro-toluene. 

Raikow, P. N. and Urkewitsch, F*. E., Chem.-Ztg. 30, 295 (1906); J. Chem. 
Soc. 90, ii, 310 (1906). Detection and estimation of nitro-toluene in nitro- 
benzene and of toluene in benzene. 

Novocaine. 

Cheramy, P., j. pharm. chim. 30, 408 (1924); J. Chem. Soc. 128, ii, 247 (I92.S). 
Uses NaNO'i, HCl, and NajCO.^ containing 0.5 per cent of K guaiacolsub 
phonate. Color varies from red to yellow according to dilution. 

Oil. 

Kregten, Y. R. A. VON, Chem. Wcekblad 13, 1157 (1916). Determination of 
color in oils. A simple colorimeter. 

Snell, F. D., Colorimetric Analysis, p. 145, D. Van Nostrand Co., New York, 
1921. Determination of the color of oils. 

Parsons, L. W. and Wilson, R. E., J. Ind. Eng. Chem. 14, 269 (1922). A new 
method of color measurement for oils. 

Baker, F. E., J. Ind. Eng. Chem. 14, 1169 (1922). A new method of color 
measurement of oil. A criticism of method of Parsons and Wilson, J. Ind. 
Eng. Chem. 14, 269 (1922). 

Parsons, L. W., J. Ind. Eng. Chem. 14, 1169 (1922). A new method of color 
measurement of oils. A reply to Baker’s criticism, ibid., 14, 1169. 

Heller, H., Farben-Ztg. 28, 857 (1923); 29, 1842. Colorimetry of fatty oils. 

Organic Substances. 

Griess, P., Bcr. 21, 1830 (1888); see also J. Anal. Chem. 2, 331 (1888). The 
use of diazo compounds for the detection of organic substances in water. 
Uses Schmitt’s para sulfodiazobcnzenc. Adds it to slightly alkaline water. 
Yellow color results. 

Abrams, D. A. and Harder, 0. E., Chem. Eng. 26 (1917); Analyst 42, 217 
(1917). Colorimetric test for the determination of organic impurities in 
sands. 

Heidenhain, H., j. Ind. Eng. Chem. 11, 297 (1919); C. A. 13, 1196 (1919); 
cf. same author, J. Am. Chem. Soc. 16, 71 (1893). Colorimetric determina- 
tion of organic substances. Uses dilute K2Cr207-H2S04 mixture. 

Osmium. 

Tschugaeff, L., Compt. rend. 167, 235 (1918); Analyst 43, 362 (1918). New 
reaction of osmium. Uses thiourea for osmium in the state of the tetroxidc, 
Os04 or a chlorosmiate as KjOsCl#, and HCl. A rose to deep red coloration 
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is obtained, according to concentration. Will detect 1 part Os in 100,000 
parts of solution. Color due to formation of [Os 6(NH2-CS-NH2)] CI3H2O. 

Oxalic Acid. 

Sacher, J. F., Chem.-Ztg. 39, 319 (1915); C. A. 9, 2043 (1915). Colorimetric 
detection of oxalic acid and manganese. 

Oxy butyric Acid. 

Folin, 0. and Denis, W., J. Biol. Chem. 18, 263 (1914). Turbidity methods for 
the determination of acetone, acetoacetic acid, and /i-oxybutyric acid in urine. 

Oxygen. 

Ramsay, W. and Homfray (Miss) I., J. Soc. Chem. Ind. 20, 1071 (1901); 
J. Chem. Soc. 82, ii, 171 (1902). Colorimetric method for determining 
oxygen dissolved in water. Use cuprous chloride which in ammoniacal solu- 
tion is oxidized by oxygen to cupric chloride and in turn a blue copper com- 
plex is formed. 

Lenormand, C., Bull. soc. chim. 29, 810 (1903); Analyst 28, 307 (1903). A 
colorimetric method of determining the oxygen absorption of water. Method 
consists in boiling the water with a standard alkaline solution of KMuOa and 
determining from the loss of color the amount of oxygen absorbed. 

Frankforter, G. B., Walker, G. W. and Wilhoit, A. D., J. Am. Chem. Soc. 
31, 35 (1909); C. A. 3, 1135 (1909); J. Soc. Chem. Ind. 28, 157 (1909). 
Colorimetric determination of dissolved oxygen in water. Method depends 
upon the oxidation of cuprous -NIG chloride by exposure to oxygen. Show 
that am. cuprous chloride method of Ramsay and Homfray gives accurate 
results if precautions arc taken to prevent oxidation of the cuprous chloride. 

Rideal, S. and Burgess, W. T., Analyst 34, 193 (1909). Estimation of oxygen 
dissolved in water. 

Winkler, L. W., Z. angew. Chem. 24, 341 (1911); J. Chem. Soc. 100, ii, 329 
(1911). Estimation of dissolved oxygen. Method based upon a brownish- 
yellow color produced when water containing dissolved oxygen is treated with 
ammonia and a derivative of quinol (a photographic developer known as 
“adurol”). 

Winkler, L. W., Z. angew. Chem. 24, 831 (1911); J. Chem. Soc. 100, ii, 532 
(1911). Estimation of dissolved oxygen. Suggests using as a standard 
a 2--N NaCl solution saturated with air. Solubility data are given. 

Winkler, L. W., Z. angew. Chem. 26, I, 134 (1913). Borax, adurol, and 
Rochelle salt give a reagent that may be used in place of adurol. The Ro- 
chelle salt prevents precipitation of Ca. 

Snell, F. D., Colorimetric Analysis, p. 129, D. Van Nostrand Co., New York, 
1921. Determination of oxygen by cuprous chloride. 

Snell, F. D., ibid., p. 132, 1921. Determination of oxygen by adurol. 

Sheaff, H. M., j. Biol. Chem. 62, 35 (1922). Estimation of minute amounts 
of gaseous oxygen and its application to respiratory air. The oxygen is 
converted into NaN02 in the presence of nitric oxide and NaOH and the 
nitrite then estimated by means of sulfanilic acid and a-naphthylamine. 



666 


BIBLIOGRAPHY 


Hand, P. G. T., J. Chem. Soc. 123, 2573 (1923); C. A. 18, 207 (1924); J. Soc. 
Chem. Ind. 42, 1221A (1923); Z. anal. Chem. 64, 353 (1924). Uses a modi- 
fication of RidcaPs and Burgess’ [Analyst 34, 193 (1909)] colorimetric method 
which consists in bringing Oa in contact with Mn(OH )2 formed by MnCl, 
and NaOH in a vacuum in presence of KI. Acidify in presence of starch ;md 
match color. Limit of application is 1 X 10"^ g. Oa. Diagram of apparatus 
is given. 

Efimov, V. V., Biochem. Z. 166, 371 (1925). Colorimetric method for the de- 
termination of oxygen. “Indigo carmine is dissolved in HaO to give a O.P ,', 
soln. Then glucose and KaCOj are added to give a 1% soln. of each. In 21 
hrs., the leuco base is formed, as shown by decolorization of the soln. Vaseline 
oil is poured in to form a layer over the HaO and the flask is sealed. Special 
capillary pipettes are used to remove the leuco base. By using varying amts, 
of leuco base in the same vols. of HaO, and exposing them to air different 
color standards are obtained. The soln. to be tested for 0 is placed with 
min. agitation in a tube, covered with oil, and a known amt. of leuco ba.se 
added. The color developed is compared with the standards against a 
KaCraO: soln. as a background. To convert to mg. 0, a comparison with the 
method of Winkler is made. The method has the advantage of being short.'’ 
W. D. Langley, C. A. 19, 3504 (1925). 

Pentosans. 

Testoni, G., Staz. sper. agrar. ital. 60, 97 (1917); from Chem. Zentr. 1918, ii, 
865; J. Chem. Soc. 116, ii, 122 (1919). Quantitative colorimetric c.stimation 
of pentosans in meal. Uses H.\c and HCl, and 0.25 per cent phloroglucinol. 
Red solution obtained. 

Pepsin. 

GrBtzner, P., Pflugcr’s Arch. ges. Physiol. 8, 452 (1874); J. Chem. Soc. 27, 
609 (1874). 

Grutzner, P. V., Arch. Fisiol. Fanos Festschr, 7, 223; Z. entr. Biochem. Bio- 
phys. 12, 379; C. A. 6, 2630 (1912). 

Smorodinzev, I. A. and Adova, A. N., Hoppc-Seyler’s Z. Physiol. Chem. 149, 
173 (1925); C. A. 20, 214 (1926).' Preparation of standards for the colori- 
metric determination of pepsin. 

Perchlorate. 

Monnier, a., Arch. Sci. Phys. Nat., Geneve [4] 42, 210 (1916); Chem. Zentr. 
88, ii, 132 (1917). Determination of perchlorates by methylene blue. 

Snell, F. D., Colorimetric Analysis, p. 106, D. Van Nostrand Co., New York, 
1921. Determination of perchlorate by methylene blue. 

Phenol. 

Carri^, L., Compt. rend. 113, 139 (1891). 

Bach, H., Z. anal. Chem. 60, 736 (1911); C. A. 6, 586 (1912); J. Soc. Chem. 
Ind. 30, 1368 (1911). Colorimetric determination of phenols in waste 
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^yiiters. Method depends upon color given by Millon’s reagent and few 
drops HNOs, with phenol. Best results with phenol 30 to 150 mg. per liter. 
Folin, 0. and Denis, W., J. Biol. Chem. 12, 239 (1912). On phosphotungstic- 
phosphomolybdic compounds as color reagents. 

MuMFORD, E. M., Chem. News 107, 253 (1913). The estimation of phenol in 
presence of organic matter. Produces phenol sulphonic acid, nitrates the 
latter and makes alkaline with ammonia, thus forming Nil, picrate. The 
yellow color is then matched against a standard solution. 

I EWis H. B. and Nicolet, B. H., J. Biol. Chem. 16, 369 (1913 -14). 

Miller, C. W. and Taylor, A. E., J. Biol. Chem. 17, 531 (1914). Suggest 
that the reagent (30 g. ammonium molybdate and 25 cc. H2SO4 dissolved in 
1 liter of distilled water) might be developed to serve for the colorimetric 
estimation of the indole and phenol derivatives contained in urine. 

Folin, 0. and Denis, W., J. Biol. Chem. 22, 305 (1915); J. Soc. Chem. Ind. 34, 
nil (1915). A colorimetric method for the determination of phenols (and 
phenol derivatives) in urine. 

DuniN H J. Biol. Chem. 26, 69 (1916). Physiology of the phenols. 

Folin, 0. and Denis, W., J. Biol. Chem. 26, 507 (1916). 'Ihe relative excre- 
tion of phenols by the kidneys and by the intestine. Total phenols with 

phosphotungstic-phosphomolybdic acid reagent. 

gLenwald, I. and Weiss, M. L., J. Biol. Chem. 31, 1 (1917). The talc of 
inosite administered to dogs. Phenols by Folin and Denis method [J. Biol. 
Chem. 22, 305 (1915)]. 

Elvove, E., U. S. Pub. Health Serv. Hyg. Lab. Bull. 110, 25 (1917); C. A. 12, 
708 (1918). A colorimetric method for the estimation of the cresol or p eno 

preservative in serums. , i • 

S. It and Theis, R. C., J. Biol. Chem. 38, 95 (1918). The colon- 

metric determination ot phenols in the blood. /,nlol 

Weiss, M., Biochem. Z. 110, 258 (1920); J. Chem. Soc. 118, n, 777 (1920), 
C. A. 16, 1913 (1921). The colorimetric estimation of phenol m urine. 

CiupTn!r"m.", TlndEng. Chem. 12, 771 (1920); J. Chem. Soc. 118, ii, 645 
(1920); C. A. 14, 2772 (1920); J. Soc. Chem. Ind. 39, 652A 
mation of phenol in the presence ot certain other phenolsx Uses Mdlon s 
reagent. Various modifications of the method are described which are suit- 

able for different requirements. .n TLn 

Underiuel, F. P. and Simpson, G. E., J. Biol. Chem. 44 , 69 (1^20). he 
effect of diet on the excretion of indican and the phenols. Phenols by Folin- 

Denis method. ^ 

Tisdau, F. F., j. Biol. Chem. 44, 409 (1920) Estimation o the phenol. 

substances in urine. Folin and Denis method may give results 50 ^r cent 
higher than those obtained with the ether extraction method outlined m 

ScS, r'^d!, j. Ind. Eng. Chem. IS, 422 (1921). The detection of phenols in 

water. Uses phosphomolybdic acid. , 

Pelican, K. F., J. Biol. Chem. 80, 491 (1922). The physiology ot the phenols. 
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A quantitative method for the determination of phenols in the blood, bscs 
sodium tungstate. 

Thomas, V., Ann. inst. Pasteur 36, 253 (1922); Her. ges. Physiol, exptl. ['har- 
makol. 13, 376 (1922). Estimation of tyrosin and phenol index of proteins. 

Henningsen, C., Ind. Eng. Chem. 16, 406 (1923). histimation of various 
monohydric phenols by the phenol reagent of holin and Denis. 

Rakestraw, N. W., J. Biol. Chem. 66, 109 (1923). A quantitative method for 
the determination of phenols in blood. Uses a modified Folin and Denis 
method. 

Goiffon, R. and Nepveux, F., Compt. rend, soc, biol. 89, 1213 (1923); from 
Chem. Zentr. 1924, i, 1070; J. Chem. Soc. 126, ii, 706 (1924); C. A. 18, 2015 
(1924). Colorimetric determination of phenols in urine. Use method oi 
Rakestraw. 

Theis, R. C. and Benedict, S. R., J. Biol. Chem. 61, 67ifl924). Determination 
of phenols in blood. Add />-nitrobenzenediazonium chloride to the protein- 
free filtrate, by the Folin and Wu method, containing Na^COs. Orange 
color produced. Possible error ± 10 per cent. 

(Bristol, P., Bull. soc. sci. mod. Montpellier 9, 456 (1924); Physiol. Abstracts 
9, 465; C. A. 19 (1925). Errors in colorimetric methods of estimation of 
uric acid and phenols in urine. See the abstract of this paper under Uric 
Acid. 

V^ORCE, L. R., Ind. Eng. Chem. 17, 751 (1925); C. A. 20, 83 (1926). Determina- 
tion of minute amounts of phenols in polluted natural waters. Uses the 
Folin and Denis reagent. 

Hawk, P. B. and Bergeim, ()., Practical Physiological Chemistry, 9 cd., P. Blak- 
iston’s Son and Co., Philadelphia, 1926. Determination of phenols in urine, 
pp. 766-768. 

Phenolsulfonephthalein. 

Underhill, F. P. and Blatherwick, N. R., J. Biol. Chem. 19, 39 (1914). The 
elimination of phenolsulfonephthalein in acute and chronic tartrate nephri- 
tis, Use an Autenrieth-Koenigsberger colorimeter to determine the amount 
of coloring matter excreted. 

Phosphate (and Phosphoric Acid). 

Knights, J. W., Analyst 6, 197 (1880); Z. anal. Chem. 21, 572 (1882). First to 
propose use of NH 4 molybdate and HNO 3 . 

Osmond, F., Bull. soc. chim. 47, 745 (1887); J. Chem. Soc. 62, 999 (1887); 
J. Anal. Chem. 1, 421 (1887). Method is based uix)n the blue color formed 
by P molybdates in IlCl solution of SnCD. As and Si molybdates give the 
same color. 

Benazet, P., Bull. soc. chim. 11, 1083 (1894); J. Soc. Chem. Ind. 14, 390 
(1895). Estimation of phosphorus in iron and steel, etc. Dissolves the 
phosphomolybdate in SnCU in dilute* HCl solution. 

Alessandria, Pharm, Centralhalle 36, 109; Chem. News 74, 45 (1896). Colori- 
metric determination of phosphoric acid in water. First removes SiOi and 
then adds “molybdenic mixture.” 
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LepierRE, C., BuU. soc. chim. 16, 1213 (1896); J. Soc. Chcm. Tnd. 16, 163 
(1897). Removes Si 02 by dehydration and then adds NH 4 molybdate 

JoLLES, A., Chem.-Ztg. 1889, 807. 

JoLLES, A. and Neurath, F., Monatsh. 19, 5 (1898); J. Soc. Chem. Ind. 17, 
493 (1898) . Remove SiOj by dehydration and then add K molybdate. 

JoLLES, A., Prager med. Wochschr. 1899, 307; Wiener med. Wochschr. 1899. 

JoLLES, A. and Neurath, F., Arch. Ilyg. 34, 22 (1899); J. Soc. Chcm. Ind. 18, 
299 (1899), Removes SiOj by dehydration and then adds K molybdate. 

JOLLES, A., Chem. Zentr. 1899, i, 375; J. Chcm. Soc. 76, ii, 579 (1899). Colori- 
metric estimation of phosphoric acid in water. Uses K molybdate in UNO,. 
Turbid solution is obtained at 30° if more than 1 mg. PmOj is present in 20 ('c. 

Woodman, K 0. and Cyvan, L. L., J. Am. Chcm. Soc. 23, 96 (1901); J. Soc. 
Chem. Ind. 20, 506 (1901). The determination of phosphates in potable’ 

. waters. Use am. molybdate and HNO.^ and study the effect of SiO..* 

Woodman, A. G., J. Am. Chem. Soc. 24, 735 (1902). The signilicance of phos- 
phates in natural waters. Uses N H , molybdate and JINO.,, after dehydral ing 
the SiOo by heating the residue for 2 hrs. at 100 °. Not necessary to filler. 

\ EiTCH, F. P., J. Am. Chem. Soc. 25, 169 (1903). On the colorimetric dctc- 
mination of small quantities of phosphoric acid and of .silica. Uses Nil, 
molybdate and HNO3. Both PO 1 and SiO^ give a yellow coloration but there 
is a difference in the rate of reaching the maximum intensity of color. 

Schreiner, 0., J. Am. C'hcm. Soc. 26, 1056 (1903). On a colorimetric method 
for the estimation of phosphates in the presence of silica. Uses NH t molyl)- 
date and HNO3. 

Schreiner, 0., J. Am. Chcm. Soc. 26, 808 (1904). The determination cf 
phosphates in aqueous extracts of soils and plants. Reiwrts rc.sulls by 
method given in J. Am. ('hem. Soc. 26, 1056 (1903) and also results of gravi- 
metric method of Assocn. Ofheial Agr. Chcm. A comparison of the two 
methods. Agreement good. 

Lincoln, A. '\\ and Barker, P., J. Am. Chem. Soc. 26, 975 (1904). Deter- 
mination of phosphates in natural waters. Use NIL molybdate and HNO,. 

Schreiner, 0. and Brown, B. E., j. Am. Chem. Soc. 26, 1463 (1904); J. Soc. 
Chem. Ind. 23, 1240 (1904). The colorimetric estimation of phosphates; 
second method. Use Nil, molybdate and llNO.i. Method gives good 
results with 1 part I’jOs per million of solution and is not influenced by the 
presence of other salts. 

Hewitt, T. E., Proc. Eng. Soc. West. Penn. 20 , 432 (1904); Analyst 30, 137 
(1905); see also J. Am. Chcm. Soc. 27, 121 (1905). C olorimetric determina- 
tion of phosphorus in iron and steel. Based on the color obtained when 
H 2 S is passed into an alkaline phosphomolybdate solution. 

Hewitt, T. E., J. Am. Chem. Soc. 27, 121 (1905); J. Soc. Chem. Ind. 24, 292 
(1905). Colorimetric determination of phosphorus in iron. II^S passed 
into alkaline solution of Na phosphom^^lybdate and the resulting color matched 
against a standard solution. 

Misson; G., Chem.-Ztg. 32, 633 (1908); C. A. 2, 2527 (1908). Uses KMn04, 
H 2 O 2 , (NH 4 ) 3 V 04 , and (NH4)2Mo04. P estimated to about 0.005 per cent. 
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PouGET, I, Chem.-Ztg. 32, 832 (1908); Analyst 33, 441 (1908). RapIcU^i. 
orimctric method for the estimation of small quantities of water-soluble phos' 
phoric acid. Uses strychnine molybdate. Method sensitive to i 
H3PO4 in 12,000,000 of water. 

PouGET, I. and Chouciiak, D., Ann. chim. anal. chim. appl. 14, 125; (', a 3 
2284 (1909). Uses NajMoO^ in HNO3 and strychnine sulfate. 

Estes, C., J. Am. Chem. Soc. 31, 247 (1909); J. Chem. Soc. 96, ii, 266 
(1909); J. Soc. Chem. Ind. 28, 261 (1909). Colorimetric estimation of pho^;. 
phates in solution with othei salts. Uses phosphomolybdate method and 
studies effect of the presence of certain salts on the color. 

Gibson, R. B. and Estes, C., J. Biol. Chem. 6 , 349 (1909); J. Soc. ('hem. Ind, 
28, 962 (1909); Z. anal. Chem. 61, 67 (1912). The indireci colorimetric 
determination of phosphorus with uranium acetate and potassium ferrocy- 
anide. P precipitated as uranium pho.sphate and the excess of uranium ace- 
tate determined colorimetrically by adding K fcrrocyanide. Red-brown color 
in about 2 minutes. 

PouGET, I., Bull. soc. chim. [4] 6, 104 (1909); C. A. 3, 1258 (1909); J. Soc, 
Chem. Ind. 28, 261 (1909). Uses Na 2 Mo 04 in HNO 3 and strychnine sulfate 
solution. Method depends upon the fact that phosphomolybdic acid forms an 
insoluble precipitate with alkaloids. Sensitive to 0.005 mg. in 100 cc. Reac- 
tion not influenced by SiOs and the various oxides. P can be determined 
in iron ores containing 1200 limes as much Fe as PjOs. 

PouGET, I. and Chouchak, D., Bull. soc. chim. 9, 649 (1911); C. A. 6, ,1208 
(1911); cf. C. A. 3, 1258, 2284; J. Soc. Chem. Ind. 30, 985 (1911). Method 
ba.scd on in.so]ubility of strychnine phosphomolybdate. Applic.'ition to \’cry 
small amounts of P 2 O 5 in natural waters, animal and vegetable substances, 
minerals, iron and steel. 

Passekint, N., Gazz. chim. ital. 41, I, 182; C. A. 6 , 2377 (191 1). Molybdate- 
gallic acid method applied to substances containing very small amounts 
H3PO4 (soil and rocks). P precipitated as NIG phosphomolybdate, lirst dis- 
solved in NH 4 GII (I : 3), NH 3 boiled olT, and solution run into tube con- 
taining 2 cc. cold, saturated gallic acid until yellow color matches that of a 
standard. 

Herrera, C. R., Anales. inst. mcd. nacional 10, 271; C. A. 6 , 662 (1912). Col- 
orimetric determination of ph<).sphoric acid in arable soils. 

Riegler, h., Bull. acad. sci. Roumaiiic 2 , 272 (1914); J. Chem. Soc. 108, ii, 
368 (1915); C. A. 9, 304.8 (1915); C'hem. Zenlr. 1916, 1, 1280; J. Soc. Chem. 
Ind. 34, 796 (1915). P precipitated as NHb phosphomolybdate and reduced 
with hydrazine .sulfate. Blue color obtained. 

Taylor, A. E. and Miller, C. W., J. Biol. Chem. 18, 215 (1914). On the esti- 
mation of phosphorus in biological material. Use phenylhydrazinc for 
determining minute traces of phosphoric acid by means of the colorimeter. 
Medinger, P., Chera.-Zlg. 39, 781 (1915); C. A. 10, 27 (1916). Detection ami 
estimation of traces of phosphoric acid, especially in potable water, b ^os 
a reagent of NHi molybdate and strychnine nitrate in strong HNOj. 
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GreENWALD, L, J. Biol. Chem. 21, 29 (1915), The estimation of lipoid and 
acid-soluble phosphorus in small amounts of serum. 

Millar, C. E. and Gangler, F. A., J. Ind. Eng. Chem. 7, 619 (1915); J. Chem. 
Soc. 108, ii, 649 (1915). Colorimetric estimation of phosphorus in soil 
extracts. Use Veitch’s method as modified by Schreiner and Brown. Results 
satisfactory. 


Greenwald, I., J. Biol. Chem. 26, 431 (1916). The nature of the acid-soluble 
phosphorus of serum. Total “acid soluble” phosphorus determined colori- 
metrically. 

Arny, H. V. and Ring, C. H., J. Ind. Eng. Chem. 8, 309 (1916); C. A. 10, 1146 
(1P16); see also Proc. 8th Intern. Cong. Appl. Chem. 26, 319; cf. Arny and 
Pickhardt, Drug. Circ. 68, 131 (1914) and J. Franklin Inst. Aug. 1915. Color 
standards and colorimetric assays. Use colored solutions of CoClj-OHaO, 
FcCle -61120, CuSOi-SPUO to prepare standard color solutions. Use NH* 
molybdate reagent for P. 

Howland, J., Haessler, F. H. and Marriott, W. McK., Proc. Am. Soc. 
Biol. Chem., J. Biol. Chem. 24, xviii (1916). The use of a new reagent for 
microcolorimetric analysis as applied to the determination of calcium and 
of inorganic phosphates in the blood serum. Use l'e(CNS)j method. See 
abstract of this reference under Calcium. 

Marriott, W. McK. and Haessler, F. H., J. Biol. Chem. 32, 241 (1917). 
A micro method for the determination of inorganic phosphates in the blood 
serum. Use ferric thiocyanate. 

Van Eck, P. N., Pharm. Weekblad 66, 1037 (1918); J. Chem, Soc, 114, ii, 370 
(1918). Colorimetric estimation of phosphoric acid in potable water. Uses 
SnCb. Blue coloration obtained. 

Sato, A., J. Biol. Chem. 36, 473 (1918). A rapid micro method for the deter- 
mination of phosphate and total phosphorus in urine and stools. Lranium 


phosphate. 

Bloor, W. R., j. Biol. Chem. 36, 33 (1918). IHcthods for the determination of 
phosphoric acid in small amounts of blood. Uses strychnine molybdate le 
agent. 

Feigl, j., Biochem. Z. 92, 39 (1918). . 

ScurOder, R., Stahl u. Risen 38, 316 (1918); C. A. «, (1920). Colori- 

metric determination of phosphorus in steel. \ yellow solution o p osp o 
vanadio-molybdate is formed. 

Kleinmann, H., Kolloid-Z. 27, 236 (1920). Uber die Bestimmung der Phos- 
phorsaure, Inaugural-Dissertation (Berlin, 1919). 

Kleinmann, H., Biochem. Z. 99, 37 (1919). Uranium phosphate method 

Kleinmann, H., Biochem. Z. 99, 42 (1919). Studies the intluence of NILCl, 
NaCl, HCl, and HjSO* on the colorimetry of P, Mo, and V compounds. 
Kleinmann, H., Biochem. Z. 99, 60, Cl (1919). 

Kleinmann, H., Biochem. Z. 99, 115, 150 (1919). ^ ^ 

Bell, R. D. and Doisy, E. A., J. Biol Chem. 44, 55 (1920); C. A^^ 14, 3685 
(1920). Rapid colorimetric methods for the determination of phosphorus 
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in urine and blood. Use (NHO2M0O4, hydroquinone, and NazCOj-Na^SOj 
solution. 

Debourdeaux, L., Bull. sci. pharmacol. 27 , 70 (1920) ; J. Chem. Soc. 118 , ii, 505 
(1920); C. A. 14, 1796 (1920). Modifies Deniges’ strychnine-molybdate 
reagent in order to detect phosphate in the presence of barium. 

Gregoire, a., Bull. soc. chim. Belg. 29 , 253 (1920); C. A. 16 , 2093 (1922). 
Uses molybdic acid-quinine reagent. 

Bloor, W. R., with the assistance of E. D. Farrington, J. Biol. Chem. 46, 17i 
(1920-21). Blood phosphates in the lipemia produced by acute experimental 
anemia in rabbits. Modifications of methods in J. Biol. Chem. 36, 33 (1918). 

Jones, M. R. and Nye, L. L., J. Biol. Chem. 47 , 321 (1921). The distrilmtion 
of calcium and phosphoric acid in the blood of normal children. Phosphoric 
acid by Bloor’s method with few minor changes. 

Fiske, C. H., j. Biol. Chem. 49 , 171 (1921). Inorganic phosphate and acid 
excretion in the post absportive method. Inorganic phosphate by Bell- 
Doisy method. 

Lizins, j. L., Pharm. J. 106 , 478 (1921); J. Chem. Soc. 120 , ii, 518 (1921). 
Estimation of small quantities of phosphates in glycerophosphates. Uses 
NH 4 molybdate and HNO3. 

Florentin, 1)., Ann. chim. anal. 3, 295 (1921); J. Chem. Soc. 120 , ii, 707 
(1921); Analyst 46, 511 (1921). Estimation of phosphates in watens. Uses 
NH 4 molybdate in H 2 SO 4 , and SnClj. Blue color obtained. 

Snell, F. 1)., Colorimetric Analysis, p. 121 , D. Van Nostrand Co., New York, 
1921. Determination of phosphorus as the phosphomolybdate. 

Snell, F. D., ibid., p. 122, 1921. Determination of phosphorus, separated by 
precipitation as MgNH 4 p 04 . 

Myers, B. A. and Siievky, M. C., J. Lab. Clin. Med. 7 , 176 (1921-22). 'i'hc 
estimation of inorganic phosphorus in blood plasma by the method of Bell 
and Doisy. 

Tisdall, F. F., j. Biol. Cliem. 60 , 329 (1922); C. A. 16 , 1441 (1922). A rapid 
colorimetric method for the quantitative determination of the inorganic 
phosphorus in small amounts of serum. 

Denis, W. and Meysenbug, L. von, J. Biol. Chem. 62, 1 (1922). Note on a 
possible source of error in the Bcll-Doisy method for the determination of 
phosphates in blood plasma. 

Briggs, A. P., J. Biol. Chem. 63 , 13 (1922); C. A. 16 , 3493 (1922). A modifi- 
cation of the Bell-Doisy phosphate method. Uses (NH 4 ) 2 Mo 04 in H2S04, 
NajSOs, and hydroquinone. 

Randles, F. S. and Knudson, A., J. Biol. Chem. 63 , 53 (1922). Estimation of 
lipoid phosphoric acid (“lecithin”) in blood by application of the Bell and 
Doisy method for phosphorus. 

Doisy, E. A., Eaton, E. P. and Chouke, K. S., J. Biol. Chem. 63, 61 (1922). 
Buffer systems of blood serum. Phosphate by Bell-Doisy method. 

Losana, L,, Giorn. chim. ind. applicata 4 , 60 (1922); C. A. 16 , 2463 (1922); 
Analyst 47 , 226 (1922); J. Soc. Chem. Ind. 41 , 442A (1922). Method based 
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on the blue reduction product formed when (NIl4)3r04-12Mo03 is treated 
with hot NazSaOa solution. 

MissoN G., Ann. chim. anal. chim. appl. 4, 267 (1922); Bull. soc. chim. Belg. 

31 222 (1922); C. A. 17, 41 (1923); J. Soc. Chem. Ind. 41, 731A (1922). 
Colorimetric determination of phosphorus in minerals and in coke. Uses 
KMn04 NaaOa (in dilute HNO3), NH4 vanadate, and NIIi molybdate. 
Baumann, ’e. J., Proc. Soc. Exptl. Biol. Med. 20, 171 (1922); J. Chem. Soc. 126, 
ii 58 (1924). Determination of organic phosphorus. Uses the Bell and 
I)oisy method. H2O2 and H2SO4 also employed to avoid loss of P due to 
volatilization. 

SjOLLEMA, B. and Gieteling, H., Chem. Weekblad 20, 658, 670 (1923); C. A. 

18 644 (1924). Modification of the colorimetric determination of phosphoric 
acid according to Bell-Doisy-Briggs. 

Tolstoi, E., J. Biol. Chem. 66, 157 (1923). The inorganic phosphorus of the 
serum’ and plasma of ninety-one normal adults as determined by the Bell and 

Doisy method. , , . , 

Denis, W., J. Biol. Chem. 66, 1 7 1 (1923). On the .selective action of the kidney 
as regards the excretion of inorganic salts. Bcll-Doisy phosphate method, etc. 
Baumann, E. J. and Holly, 0. M., J. Biol. Chem. 66, 457 (1923). Lipoid 
phosphorus by method similar to that of Randles and Knudson. ^ 

Buell, M. V., J. Biol. Chem. 66, 97 (1923). On the phosphorus compounds m 

normal blood. Bloor’s methods. . x . 1 r 

Neuuausen, B. S. and Pincus, J. B., J. Biol. Chem. 67, W (192.i). A sindy of 
the condition of several inorganic constituenls of scrum by means of ultra- 
filtration. Phosphate by Briggs’ modification of the Bell-Doisy method. 
Sevrinouaus, E. L., j. Biol. Chem. 67, 181 (192.t). , i ,• a 

SjOLLEMA. B., J. Biol. Chem. 67, 255 (192.1). The mlluence o cod five od 
upon calcium and phosphorus metabolism. Phosphorus by Briggs method 

lUrL^T^F'TrBth Chem. 67, 285 (192.1). Phosphorus by the Bell-Doisy 

Pmct”i B. and Kramer, B., J. Biol. Chem. 67, 465 (192,1). Comparative 
study of the concentration of various anions and cations in cerebrospinal 
fluid and serum. Phosphorus by Briggs’ method. 

Steenbock, H., IUrt, E. B., Jones, J. II. and Black, A. J. liiol. Chem. 68, 
59 (1923-24), Phosphate by the Bell-Doisy-Briggs met o ■ 

KtJGELMASS, I. N. and Rothwell, C., J. Bml. ' ...miinations 

direct determination of the secondary phosphate. Duplicate detcrminat 

BltTpl'i Chem. 68, 255 (1924); C. A. 48 2183 (1924); , Soc. 
Chem. Ind. 43 , B581 (1924). Method based on the 

molybdic acid and its subsequent reduction by quinol and sulfur dioxide. 

A stable blue color results. ^ x.- a* nreron-v 

Baumann, E. J., J. Biol. Chem. 69, 667 (1924). On the estimation of organ.c 

phosphorus. Uses molybdic acid and hydroqumone 
Salvesen, H. a., IUstinos, A. B. and McIntosh, J. F., J. Biol. Chem. 60, 
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311 (1924). Blood changes and clinical symptoms following oral ad^j • 
trat/on of phosphates. Phosphates by TisdaJI's method. 

Salvesen, H a., Hastings, A. B. and McIntosh, J. F., J. Biol. Cbm eo 
327 (1924). The effect of the administration of calcium salts on the inor- 
ganic composition of the blood. Phosphates by TisdaJl’s method. 

Terada, Y., Biochem. Z. 145, 426 (1924). Precipitates with HNO3 solution, 
NH 4 molybdate and strychnine nitrate; dissolves the precipitate in Na^coi 
solution and heats with phenylhydrazine hydrochloride. Red coloration 
produced. 

Benedict, S. R. and Theis (Miss) R. C., J. Biol. Chcm. 61, 63 (1924). A mod- 
ification of the molybdic method for the determination of inorganic phos- 
phorus in scrum. Use trichloracetic acid, molybdic acid reagent, a solution 
containing 15 g. sodium bisulfite and 0.5 g. of hydroquinone in 100 cc. 

Daric, j., Bull. soc. chim. 36, 409 (1924); C. A. 18, 2661 (1924). Uses method 
of Copau.x. 

Essinger, R. and Gyorgy, P., Biochem. Z. 149, 339 (1924). The colorimetric 
estimation of inorganic phosphorus in serum. In serum obtained by spon- 
taneous clotting, the Tisdall ( 1 ), Bell-Doisy ( 2 ) and Marriott and Haessler 
(3) methods gave concordant results for inorg. P. In markedly hemolyzed 
serum or in serum obtained by whipping, the alk. reaction of the last-men- 
tioned method sets free phosphate from the blood cells, which is not estd. 
by the first 2 methods.” G. E. ’Simpson, C. A. 19, 2219 (1925). 

Rimington, C., Biochem. J. 18, 1297 (1924); J. Chem. Soc. 128, i, 183 (1925). 
The rate of color production in Briggs’ method is slower in the presence of 
(NH 4 ) 2 S 04 and other salts, but the final depth of color is the same. 
Martland, M. and Robison, R., Biochem. J. 18, 765 (1924); J. Chcm. Soc. 
126, ii, 626 (1924); C. A. 18, 3399 (1924). Determination of phosphorus in 
blood. Use Briggs’ modified Bell-Doisy method but substitute a 5 per cent 
NH 4 molybdate solution for Briggs’ molybdate solution. 

Steenbock, H., Hart, E. B. and Jones, J. H., J. Biol. Chem. 61, 775 (1924). 

Organic phosphorus by the Briggs-Bell-Doisy method. 

Chen, K. K., Meek, W. and Bradley, H. C., J. Biol. Chem. 61, 807 (1924). 

Inorganic phosphorus by the Briggs-Bell-Doisy method. 

Youngburg, G. E. and Pucker, G. W., J. Biol. Chem. 62, 31 (1924-25). Ana- 
lytical methods and observations on the organic phosphorus of the urine. 
Application of the Bell-Doisy method. 

McCluskey, (Miss) K. L., J. Lab. Clin. Med. 10 , 143 (1924-25). A modifica- 
tion of the Bloor method for blood phosphates. 

'Whitehorn, j. C., j. Biol. Chcm. 62, 133 (1924-25), A method for the deter- 
mination of lipoid phosphorus in blood and plasma. Uses sodium sulfite, 
acid molybdate and hydroquinone. 

Greenwald, L, Samet, J. and Gross, J. Biol. Chem. 62, 397 ('1924-25). 

Inorganic; phosphate by the Bell-Doisy method. 

Ackerson, C. W., Blish, M. J., and Mussehl, F. E., J. Biol. Chem. 63, 75 
(1925). A study of the phosphorus, calcium, and alkaline reserve of the 
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blood sera of normal and rachitic chicks. Phosphorus by the Briggs-Bcll- 
Doisy method. 

Fiske, C. H. and Sokhey, S. S., J. Biol. Chem. 63, 309 (1925). Phosphate by 
Briggs’ method. 

Greenwald, L, J. Biol. Chem. 63, 339 0925). Bell-Doisy method for phos- 
phate. 

CoRi, C. F. and Cori, G. T., J. Biol. Chem. 64, 11 (1925). Inorganic phos- 
phates by the Briggs-Beil-Doisy method. 

COELIP, J. B. and Clark, E. P.. J. Biol. Chem. 64, 485 (1925). Phosphorus 
and magnesium by Briggs’ method. 

Hess, A. F. and Helman, F. D., J, Biol. Chem. 64, 781 (1925). The phos- 
phatide and total phosphorus content of woman’s and cow’s milk. Tisdall’s 
method for phosphorus: K 4 Fe(CN) 6 . 

Morgulis, S. and Barkus, 0., J. Biol. Chem. 66, 1 (1925). Inorganic P by the 
Bell-Doisy method. Lipoid P by Bloor’s method. 

Hamilton, B., J. Biol. Chem. 66, 101 (1925). Inorganic phosphates by Briggs’ 
method. ^ 

Holt, L. E., Jr., with the assistance of I. Gittleman, J. Biol. Chem. 66, 23 
(1925). The solubility of tertiary calcium phosphate in cerebrospinal jluid. 
P by Briggs-Bell-Doisy method. 

Cajori, F. a., Crouter, C. Y. and Pemberton, R., J. Biol. Chem. 66, 89 
(1925). Inorganic P by Briggs’ method. 

Greenwald, I. and Gross, J., J. Biol. Chem. 66, 185 (1925). Inorganic phos- 
phate by the Briggs-Bell-Doisy method. 

Fiske, C. H. and Subbarow, Y., J. Biol. Chem. 66, 375 (1925). Use ammo- 
nium molybdate, 10 per cent trichloracetic acid, sodium bisulfite, and amino- 
naphtholsulfonic acid. 

Dutciier, R. a., Creighton, M. and Rotiirock, H. A., J. Biol. Chem. 66, 401 
(1925). Use method of Benedict and Theis. 

Roe, j. H., Irish, 0. J. and Boyd, J. I., J. Biol. Chem. 67, 579 (1926). A study 
of the molybdic oxide colorimetric method for the estimation of the phos- 
phorus compounds of the blood. 

Yoshimatsu, S., T6hoku J. Exptl. Med. 7, 553 (1926); C. A. 20, 3711 (1926). 
Colorimetric method for the determination of chlorides, inorganic sulfates, 
and inorganic phosphates in small amounts of blood. 

Hawk, P. B. and Bergeim, 0., Practical Physiological ('hemistry, 9 cd., P.Blak- 
iston’s Son and Co., Philadelphia, 1926. Determination of inorganic phos- 
phate in blood, pp. 403-406; in urine, pp. 776-777. 

Hawk, P. B. and Bergeim, 0., ihid., 1926. Determination of lipoid phosphorus 
(lecithin) in blood, pp. 395-396. 

Lonstein, I., S. African J. Sci. 23, 188 (1926); C. A. 21, 2161 (1927). Rapid 
colorimetric determination of phosphorus in .soils and vegetation. 

Lohmann, K. and Jendrassik, L., Biochem. Z. 178, 419 (1926); C. A. 21, 
1286 (1927). Colorimetric determination of phosphoric acid in muscle 
extract. 
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Atkins, W. R. G. and Wilson, E. G., Biochcm. J. 20, 1223 (1926); C. A. 21, 
1778 (1927). Colorimetric estimation of minute amounts of compounds 
of silicon, of phosphorus and of arsenic. 

Picric Acid. 

Christel, G., Chem. News 60, 60 (1884); Am. J. Pharm. 68, 212 (1884); 
Arch, der Pharm. [3] 21, 190. Detection and determination of picric acid. 
Uses KCN to form phenylpurpuric acid from the substance under examina- 
tion and matches the color against a standard picric acid solution similarly 
treated with KCN. 

Richardson, F. W., J. Soc. Chem. Ind. 33, 13 (1917); C. A. 11, 1383 (1917). 
Estimation of free sulfuric, nitric and picric acids in presence of each other. 
Uses the Lovibond tintometer for the picric acid, HNOa estimated by the 
nhenoldisulfonic acid method, and total acidity by using Me-red. 

Laport, X., Bull. soc. pharm. Bordeaux, No. 3, 1917; from Ann. chim. anal. 23, 
64 (1918); J. Chem. Soc. 114, ii, 179 (1918). Colorimetric estimation of 
picric acid and its derivatives in body fluids, Uses ferrous sulfate-tartaric 
acid reagent and ammonia. 

Pigments, Bile. 

Sabatini, G., Klin. Wochschr. 2, 2031 (1923); Chem. Zentr. 1924, i, 142.\ 
Determination of bile pigments in urine. 

Pigments, Blood. 

Stadie, W. C., j. Biol. ('hem. 41, 237 (1920). 

Pinolin. 

Grimaldi, C., Chem.-Ztg. 31, 1145; C. A. 2, 977 (1908). A color reaction is 
described which permits the detection of 5 per cent of pinolin or rosin spirit 
mixed with turpentine oil or 10 per cent mixed with pine tar oil. A second 
color reaction described is a modification of the Halphen test for rosin in 
wood spirit (J. pharm. chim. 1902, 408). The reagent consists of 3 cc. 
bromine dissolved in CCli to make 15 cc. With this reagent it is possible 
to detect less than 1 per cent of pinolin. 

Pitch. 

Leo, K., Chem.-Ztg. 33, 359 (1909); Analyst 34, 286 (1909). The colorimetric 
estimation of pitch in fuel briquettes. A rapid colorimetric method baser! 
upon the fact that benzene dissolves the bitumen in pitch, forming a brown 
solution, the intensity of the color of which is proportional to the amount 
of bitumen. 

Platinum. 

Mingaye, j. C. H., Records Geol. Survey N. S. Wales 8, 276 (1909). Uses 
SnCli or KI. As little as 0.06 g. Pt per ton may be estimated. 

Ardagh, E.*G. R., Seaborne, F. S. and Grant, N. S., Can. Chem. Met 8, 117, 
140 (1924); C. A. 18, 2664 (1924). The colorimetric determination of 
platinum by potassium iodide. Red color due to Ptl*'" ions. 
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Potassium. 

Morrell, T. T., J. Am. Chem. Soc. 2, 145 (1880). Suggests the use of PtCL 
to estimate minute quantities of potassium based upon the following reaction: 
6KI + VtCU K 2 PtIe + 4KC1. No experimental data given. A red 
coloration obtained. 

Mylius, F. and Foerster, F., Z. anal. Chem. 31, 250 (1892). 

Hill, L. A., J. Am. Chem. Soc. 26, 990 (1903); J. Soc. Chem. Ind. 22, 1152 
(1903). K precipitated by chlorplatinic acid as K chlorplatinate and the 
latter reduced by SnCL in presence of free qci. Sensitive to 1 part of KiO 
per million of solution. 

Cameron, F. K. and Failyer, G. H., J. Am. Chem. Soc. 26, 1063 (1903). The 
determination of small amounts of potassium in aqueous solutions. K pi'e- 
cipitated as K platinic chloride and e.xccss of KI added to the washed pre- 
cipitate. A pink to rose color develops. 

Orlow, N. a., Farmaz. J. 42, 1737 (1903); Chem.-Ztg. Rep. 28, 36; Analyst 
29, 201 (1904). On the quantitative determination of potassium in mineral 
waters. A modification, of Hill’s method, J. Am. Chem. Soc. 26, 990 (1903). 
Acidifies KjPtCU solution with HCl and adds KI. 

Snell, F. D., Colorimetric Analysis, p. 83, D. Van Nostrand Co., New York, 
1921. Potassium by determination of the potassium platino chloride by 
reduction with SnClj. 

Snell, F. D., ibid., p. 85, 1921. Potassium as the chlorplatinate by KI. 

Yoshimatsu, S., T6hoku J. Exptl. Med. 8, 174 (1926). Determination of potas- 
sium with 0.2 cc. of blood. “K is pptd. as K cobaltinitrite either in the 
AcOH soln. of the blo<^)d ash or in undild. serum, by the addn. of an excess of 
Na cobaltinitrite. The ppt. is dissolved in HNO3 and then reduced by the 
addn. of dimethylglyoxime and Na-jS. The color thus developed is applied 
colorimetrically. The results on 0.2 cc. of blood or 1 cc. of serum arc within 
5 per cent.” L. W. R., C. A. 21, 1133 (1927). 

Protein. (Sec also Albumin.) 

Lintner, C. j., Z. ges. Brauw. 30, 293; C. A. 1, 2741 (1907); J. Soc. Chem. Ind. 
26, 70S (1907). Colorimetric estimation of the protein of barley by Millon’s 
reagent. 

Kantor, j. L. and Gies, W. J., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 9, 
xvii (1909). Additional experiments with the Biuret reagent. Colorimetric 
quantitative determinations of protein. 

Autenrieth, W. and Mink,F., Munch, med. Wochschr. 62, 1417 (1915); Chem. 
Zentr. 1265 (1915), Urinary proteins. 

Frankel, E. M., j. Biol. Chem. 26, 31 (1916). A comparative study of the 
behavior of purified proteins towards proteolytic enzymes. 

Blooh, M. and Pomaret, M., Con|pt. rend. soc. biol. 84, 354 (1921); Ber. ges. 
Physiol. e.xptl. Pharmakol. 7, 211 (1921). A turbidimetric standard for 
protein determination of spinal fluids. 

Wu, H., J. Biol. Chem. 51, 33 (1922); C. A, 16, 2157 (1922). A new colori- 
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metric method for the determination of plasma proteins. Uses ohosnii 
molybdictungstic acid. ^ ‘ 

Swanson, W. W., J. Biol. Chem. 62, 565 (1924-25). Pliisma proteins by Wu' 
method. ‘ ^ 

Hawk,P. B. and Berceim, 0., Practical Physiological Chemistry, 9 ed., 1>. Ijlat. 
iston’s Son and Co., Philadelphia, 1926. Determination of blood proleiiis 

pp. 398-400; proteins in urine, pp. 756 - 757 . 

Prussian Blue. 


Knight, G. W., J. Ind. Eng. Chem. 6, 909 (1914). 
Quinine. 


Roy, a. C., Indian J. Med. Research 14, 129 (1926). The estimation of minuic 
quantities of quinine in the blood. “Tanret’s reagent does not give g„„,l 
results in conens. higher than 0.025 mg. in 5 cc. Wagner’s reagent gives too 
deep a yellow for delicate comparisons. ‘An acidified 0.01 N I soln gives 
very good results in delecting a difference of 0.002 mg. in the alkaloid contents 
between the ranges of 0.045 mg. in 5 cc. to 0.03 mg. in 5 cc. and a difference 
of 0.001 mg. between 0.03 and 0.001. With 5 cc. as total volume, even the 
rwu <^‘:tectcd when matched against 5 cc. of a satd, 

1 ' ’ j?,* ^ ^ presence of 0.0001 mg. can be 

detected. ’ F. Krasnow, C, A. 21, 111 (1927). 

Rhodium. 


Ivanov, V. N., J. Russ. Phys.-Chem. Soc. 49, 601; 60, 460 (1917-18)- C. A 
18, 1448 (1924); Z. anal. Chem. 64, 408 (1924). A new reaction for rhodium 
and a colorimetric method for its estimation. Aqueous solutions of Rh sails 
give when rnued with SnCl., heated to boiling, and cooled, brown, colloidal 
solutions of the metal (similar to those of Au and Pt) which develop a fine 
crimen color on standing. Compare tint with standards similarly prepared. 
Can detect 0,0005 g.Rhiier liter. 

Saccharine. 

Bloor, W. R., j. Biol. Chem. 8, 227 (1910-1 1). A method for determination 
of saccharine in urine. Uses phenol-sulfonic acid. Saccharine probably trans- 
formed into phenol-sulfonaphthalein or sulfurein. A yellow colored solution 
IS obtained. 

Wakeman, A J., J. Biol. Chem. 8, 233 (1910-1 1). Estimation pf saccharine in 
urine and feces. Uses ethyl acetate as a solvent instead of benzol, and 

2T7^('iri()-n)” 

Saffron. 


ViNASSA, E., Arch. Pharm, 230, 353 (1892). 

Salicylic Acid. 

Muter, Analyst 1 , 193 (1876), Uses FeCl,. 

R^mont, a., j. phar. chim. July, 1881; Chem. News 44, 226 (1881). Deter- 
mination of salicylic in beverages. 
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Pellet, H. and Grobert, J. de, Chcm. News 44, 168 (1881); Compt. rend. 
No. 5, Aug. 1, 1881. Colorimetric determination of salicylic acid in alimen- 
tary substances. Use FeCh. 

Pfllet, H. and Grobert, M. de, Rev. dcs Ind. et des Sci. Chim. et Agri. No. 
5.p 1882; Chem. News 46, 264 (1882). Determination of salicylic acid in 
alimentary substances. Use FeCb. 

JoRissEN, Bull. acad. roy. sci. Lettrcs Beaux arts Bclg. [3] 3, 259 (1882). Uses 
KNOa or NaNOs, HAc, and CuS 04 and heats. Red color produced if sali- 
cylic acid is present. 

Remont, a., Compt. rend. 96, No. 18 (1882); Chem. News 46, 243 (1882). 
Rapid process for the determination of salicylic acid. Uses FeCL. 

Heinzelmann, G., Z. Spiritusind. 7, 996 (1884); Analyst 10, 77 (1885). The 
determination of salicylic acid in urine. Uses FeCU. 

Ince, W. H., Am. J. Pharm. 69, 523 (1887). Determines salicylic acid in wines. 

Freiise, j. pharm. chim. [5] 14, 507; Z. anal. Chem. 26, 749 (1887); C'hem. 
News 67, 262 (1888); J. Soc. Chem. Ind. 6, 148 (1887). Uses FeCli. 

Elion, H., Z. anal. Chem. 31, 96 (1892); Chem. News 66, 192 (1892). Deler- 
mination of salicylic acid in beer and similar liquids. Extracts with ether 
and uses FeCU. 

Spica, M., Gazz. chim. ilal. 26, i, 207 (1895). Detection of salicylic acid in 
wines. Uses l"eCl.i. 

Freyer, F'., Chem.-Ztg. 20, 820 (1896); .A.ialyst 22, 39 (1897). Estimation of 
salicylic acid and its detection in wine, beer, etc. Uses FcCli. 

Fresenius, W. and Grunhut, L., Z. anal. Chem. 38, 292 (1899); Analyst 26, 19 
(1900). A critical examination of the methods of quantitatively determining 
salicylic acid. Says FeCU colorimetric method can only be used when less 
than 2 mgs. of salicylic acid arc j)resenl. 

Pellet, H. and Grouert, S. de, Bull, .\ssocn. chim. suer. dist. 20, 289 (1902), 
J. Soc. Chem. Ind. 21 , 1416 (1902). Salicylic acid in wines, etc. Use H,S 04 
and FeCls. 

HAEVF.Y, S., Analyst 28, 2 (190,1); J. Chem. Soc. 84, ii, 248 (1903). Uses 1 
per cent solution of iron alum. Will delecl 1 part of salicylic acid in 3,000,000 
parts of water. 

Montanari, C., Gazz. chim. ital. 34, i. 290 (1904); ]. Chem. Soc. 86, ii, 522 
(1904). Uses FeCU and also the production of picric acid and action of 
latter on white wool. 

Harry, F. T. and Mummery, W. R., Analyst 30, 124 (1905); J. Chem. Soc. 88, 
ii, 426 (1905); J. Soc. Chem. Ind. 24, 514 (1905). Colorimetric estimation of 

salicylic acid in foodstuffs. UsesFeCU. 

Dubois, W. L., J. Am. Chem. Soc. 28, 1616 (1906). Determination of salicylic 
acid in canned tomatoes, catsups, etc. Uses a few drops of 2 per cent ferric 
alum solution. 

Revis, C. and Payne, G. A., Analyst ?2, 286 (1907). J. Chem. Soc. 92, ii, 823 
(1907). Estimation of salicylic acid in milk and cream. After a lengthy 
treatment, the usual iron alum method is used. Boric and benzoic acids do 
not interfere. 
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Gibbs, H. D., J. Am. Chem. Soc. 30, 1467 (1908); also in Philippine J. Sci. 
1908, with additional data. Separation and determination of salicylic acid 
and methyl salicylate in foods, etc. Uses method described in U. S. Dept. 
Agr., Bur. Chem., BuU. 107 (1907), p. 180. 

Bigelow, W. D., U. S. Dept. Agr., Bull. 122 (1909), p. 64. Estimation of 
salicylic acid in wine. For small amounts, uses FeCh. 

Sherm.\n, H. C., j. Ind. Eng. Chem. 2 , 24 (1910). A source of error in the 
e.xamination of foods for salicylic acid. FeCU test not reliable since mallol 
gives the same violet color as salicylic acid. Jorissen’s test is satisfactory. 
A distinct reddish color is given at a dilution of 1 : 200,000. Gives a number 
of references to the use of JorLssen’s test: KNO 2 or NaNOa, HAc, CuSOi 
and heat to boiling. Red color produced if salicylic acid is present. 

Cassal, N. C., Chem. News 101, 289 (1910); J. Soc. Chem. Ind. 29, 835 (1910). 
Salicylic acid in wines, etc. Uses iron alum. 

SiiER.\iAN, H. S. and Gross, A., J. Ind. Eng. Chem. 3, 492 (1911); C. A. 6 , 2792 
1911); J. Chem. Soc. 102, ii, 395 (1912). heCb test simple and delicate but 
not characteristic. Authors’ method detects as little as 0.005 to 0.01 mg. 
salicylic dissolved in pure water. Uses Na or KNO-., HAc, and CUSO 4 . 

Schott, F., Z. Nahr. Geimssm. 22 , 727; C. A. 6 , 725 (1912); cf. Sherman and 
Goss, C. A. 6 , 2792. Colorimetric estimation of salicylic acid and copper. 
The Jorissen reaction is used. 10 mg. salicylic acid per liter give a comparable 
color. 0.01 mg. Cu may be determined. Sucrose, glucose, lactose, invert 
sugar and traces of Fe do not interfere, but free mineral acids, tartaric and 
citric acids, and large amounts of Fe do. 

Sauerland, F., Biochem. Z. 40, 67 (1912). Uses ferric alum. 

Heintz, W. and Limprict, R., Z. Nahr. Genussm. 26, 706 (1913); J. Chem. Soc. 
104, ii, 737 (1913). Detection and estimation of salicylic acid in fruit juices. 
Use FeCL. 

Serger, H., Z. Nahr. Genussm. 27, 319 (1914); Analyst 39, 219 (1914). Esti- 
mation of salicylic acid in jams. Use FeClv 

Thoburn, T. W. and Hanzlik, P. J., J. Biol. Chem. 23, 163 (1915). The 
salicylates. II. Methods for the quantitative recovery of salicyl from urine 
and other body fluids. 

Claasz, M., Arch. Pharm. 263, 360 (1915). On the salicylic-ferric chloride 
reaction. Claims following compound is formed: 

Fc(C,h/'’ )ci1ci.. 

L ^coo ,1 

Cf, Hantzsch and Desch, Z. anal. Chem. 66 , 547 and 49, 227, who claim the 
constitution to be: 

H00C-C,H4-0-Fc(0H)-O-C*H4-C00H. 

Arny, H. V. and Ring, C. H., J. Ind. Eng. Chem. 8 , 309 (1916); C. A. 10, 
1146 (1916); see also Proc. 8 th Intern.’Cong. Appl. Chem. 26, 319; cf. Arny 
and Pickhardt, Drug. Circ. 58, 131 (1914) and J. Franklin Inst. Aug. 1915. 
Color standards and colorimetric assays. Use colored solutions of 
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CoCU’OHjO, FeCl8'6HjO, CuS 04 ' 5 H 20 to prepare standard color solutions. 
Use method of Bull. 107, Bur. of Chem., U. S. Dept. Agr. 

Fresenius, W. and GriInhut, L., Z. anal. Chcm. 60, 257 (1921); J. Chem. Sor. 
120, ii, 602 (1921). Detection and estimation of salicylic acid in wine. Use 
Fed,. 

Snell, F. D., Colorimetric Analysis, p. 140, D. Van Nostrand Co., New York, 
1921. Determination of salicylic acid by Fehling’s solution. 

Salvarsan. 

Rolls, A. C. and Youmans, J. B., Bull. Johns Hopkins Hosp. 34, 149 (1923); 
J. Chem. Soc. 124, ii, 800 (1923).; C. A. 17, 2433 (1923). A colorimetric 
method for the estimation of salvarsan in blood and tissues. 

Selenium. 

Meyer, J., Z. anorg. Chem. 34, 51 (1903). Test for small amounts of selenious 
acid. Observed that Na2S204 produces a red colloidal solution of Se. Very 
sensitive reaction for Se. 

Brunck, 0., Ann. 336, 281 (1904). Test for small amounts of selenious acid. 
Uses Na 2 S 204 . 

Clennell, j. E., Eng. Mining J. 80, 777 (1905); Chcm.-Ztg. Rep. 29, 392 
(1905). Adds Na bisulfite to Se in solution as selenite or sclenocyanate. 
Extremely finely divided suspension of Sc is produced. C'olor varies from 
orange to scarlet, depending upon conditions. Compares against a standard 
prepared under identical conditions. 

Jannek, j. and Meyer, J., Z. anorg. Chem. 83, 73 (1913); J. Chem. Soc. 104, 
ii, 948 (1913). Use Na hyposulfitc (Na2S204) which will detect 0.005 per cent 
Se 02 in water, or 0.002 per cent in concentrated H2S()4. 

Jannek, J. and Meyer, J., Z. anorg. Chem. 83, 75 (1913); J. Chem. Soc. 104, 
ii, 948 (1913). Use K1 and starch. Will detect 0.0005 mg. SeOi in 1 cc. of 
solution or 0.0025 mg. in concentrated H.SO 4 . 

Meyer, J. and Jannek, J., Z. anal. Chem. 62, 534 (1913); J. Chem. Soc. 104, 
ii, 788 (1913). Detection of small quantities of selenious acid. Use Na2S204. 
Red color due to colloidal Se. 

Meyer, J. and Garn, W. von, Z. anal. Chem. 63, 29 (1914); J. Chem. Soc. 106, 
ii, 67 (1914); J. Soc. Chem. Ind. 33, 21 (1914). Detection and estimation of 
minute traces of selenious acid. Use gum arabic, HCl, and KI. Color due 
to I and colloidal Sc. H^SeOa + 4III 2 I 2 + Se + 3 II 2 O. 

Schmidt, E., Arch. Pharm. 262, 161 (1914); J. Chem. Soc. 106, ii, 672 
(1914). Detection of very small quantities of selenious acid in sulfuric acid. 
Uses codeine phosphate. Bluish-green coloration after 15 minutes. Will 
detect 0.0005 per cent selenious acid, 

Snell, F. D., Colorimetric Analysis, p. 138, D. Van Nostrand Co., New York, 
1921. Determination of selenium as selenious acid by KI. 

Sensitiveness. 

Folkard, C. W., Chem. News 76, 73 (1897). Note on the limit of accuracy 
attainable in colorimetry. 
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Horn, D. W., Am. Chem. J. 36, 253 (1906). Variable sensitiveness in the col- 
orimetry of chromium. I. Sensitiveness in color matching of CrOr~ at a 
maximum at concentrations between 0.004 N and 0.008 N. 

Horn, D. W. and Blake (Miss) Sue A., Am. Chem. J. 36, 195 (1906). Varial)le 
sensitiveness in colorimetry. II. This is the second of a series of three 
papers (Horn, Am. Chem. J. 35, 253; Horn and Blak, ihid.^ 36, 195, 516) on 
the variable sensitiveness in colorimetry. The authors show that with equal 
equal depths “at certain definite concentrations, the comparisons in the 
colorimetric determination of chromium can be made with greater ease and 
accuracy than at other concentrations” and it is held by them that this rela- 
tion “is a perfectly general one throughout colorimetry.” 

Horn, D. W. and Blake (Miss) Sue A., Am. Chem. J. 36, 516 (1906); C. A, 1, 
156 (1907). Variable sensitiveness in colorimetry. HI. Cu in ammoniacal 
CuS 04 solutions. With 0.637 mg. Cu in 50 cc., 0.0008 mg. Cu makes a per- 
ceptible difference of color in the 50 cc. solution. A slight change in concen- 
tration in either direction causes the sensitiveness to decrease rapidly. 

Wells, R. C., J. Am. Chem. Soc. 33, 504 (1911). Sensitiveness of the colori- 
metric estimation of titanium. 

LeRoy, G., Ann. fals. 10, 208 (1917); J. Chem. Soc. 112, ii, 418 (1917). Method 
of rendering more sensitive colorimetric analyses. When the amount of 
constituent present is extremely small, add a known amount to bring the con- 
centration within the best limits for comparison. 

Silica. 

JoLLES, A. and Neurath, F., Z. angew. Chem. 1898, 315; J. Chem. Soc. 74, 
ii, 455 (1898). Colorimetric estimation of silica in water. Method based 
upon the yellow coloration produced by heating silicic acid solutions with a 
HNOj solution of molybdic acid. r 04 in waters is usually absent or so small 
as to be insignificant. 

Salvadori, R. and Pellini, G., Gazz. chim. ital. 30, i, 191 (1900); J. Chem, 
Soc. 78, ii, 367 (1900). Colorimetric method for the estimation of silica in 
mineral waters. Us6s molybdic acid in HNO3. Same as the method of 
Jolles and Neurath (Z. angew. Chem. 1898, 315) which was perfected by 
Woodman and Cayvan (J. Am. Chem. Soc. 23, 96 (1901)]. 

Woodman, A. G. and Cayvan, L. L., J. Am. Chem. Soc. 23, 96 (1901). The 
determination of phosphate in potable waters. Study the effect of SiOz on 
the NH, molybdate-HNOs method for rO«. 

Veitch, F. P., j. Am, Chem. Soc. 26, 169 (1903). On the colorimetric deter- 
mination of small quantities of phosphoric acid and of silica. Uses NH^ 
molybdate and HNOs. Both PO 4 and SiOz give a yellow coloration but there 
is a difference in the rate of reaching the maximum intensity of color. 

Schreiner, 0., J. Am. Chem. Soc. 26, 1056 (1903). Uses NH 4 molybdate and 
HNO 3 . 

Winkler, L. W., Z, angew. Chem. 27, 511 (1914); J. Chem. Soc. 108, ii, 373 
(1915). Estimation of silicic acid in natural waters. Uses NH4 molybdate 
and HCl. 
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Snell, F. D., Colorimetric Analysis, p. 124, D. Van Nostrand Co,, New York 
1921. Determination of silica by ammonium molybdate in the presence of 
phosphorus. 

DiENERT, F. and Wandenbulcke, F., Compt, rend. 176, 1478 (1923); J. Chem 
Soc. 124, ii, 507 (1923). The estimation of silica in waters. Based upon 
the yellow coloration produced by NH^ molybdate with silica in solution. 
Since silica in colloidal suspension does not give the molybdate reaction, col- 
loidal and non-colloidal silica may thus be differentiated. 

Isaacs, M. L., Bull. soc. chim. biol. 6, 157 (1924). Colorimetric determination 
of silicon in tissues. Used NH* molybdate and reduced the resulting 
silicomolybdate to a deep blue compound by the addition of sodium sulfite. 
Was able to determine as little as 0.5 mg. of Si in 100 g. of dried tissue. Since 
only a 0.5 g. sample of tissue was used for ashing, Isaacs’ colored solution 
contained only 0.0025 mg. of Si02 or 0.00115 mg. of Si. 

Bertrand, Bull. soc. chim. biol. 6, 656 (1924). Determination of silicon in 
animal tissues. Uses Isaacs’ sodium sulfite method and severely criticises 
it. Says under the same conditions of this method phosphate would give a 
phosphomolybdatc and that this also would be reduced by sodium sulfite to 
give a blue colored solution. 

Atkins, W. R. G. and Wilson, E. G., Biochem. J. 20, 1223 (1926); C. A. 21, 
1778 (1927). Colorimetric estimation of minute amounts of compounds of 
silicon, of phosphorus and of arsenic. 

Foulger, j. H., j. Am. Chem. Soc. 49, 429 (1927). Colorimetric determination 
of silicon in tissues by Isaacs’ method. Confirms Isaacs’ work, Bull. soc. 
chim. biol. 6, 157 (1924). Shows that “ phosphomolybdates do not give a 
blue reduction product when treated with sodium sulfite in the presence of 
acetic acid,” and that “(juantitative mixtures of silicate and phosphate do 
not give a color more intense than would be given by solutions having the 
same concentration of silicate but no phosphate.” 

Silicon. (See Silica.) 

Silver. 

Whitby, G. S., Z. anorg, Chem. 67, 62 (1910); J. Chem. Soc. 98, ii, 654 (1910); 
7th Intern. Congr. Appl. Chem. (London), 1909; J. Soc. Chem. Ind. 28, 749 
(1909). The detection and e.stimation of very small quantities of’ silver. 
Method based upon formation of colloidal silver by several organic com- 
pounds (such as sucrose, starch, dextrin, cellulose, and glycerol) added to Ag 
salts in NaOH solution. Dark colored solution formed. 0.000002 g. of Ag 
in 50 cc. may be detected. Ammonia must be absent, but Cu, Zn, Hg, Bi, 
Cd, and Pb have no influence if not present in sufficient quantity to produce 
a visible precipitate with the NaOH. 

Skatole. 

Herter, C. a. and Foster (Miss) M. L., J. Biol. Chem. 2, 267 (1906-7). On 
the separation of indole from skatole and their quantitative determination. 
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Use / 9 -naphthaquinone-sodium-mono-sulfonale for indole. Use UhrliLh' 
aldehyde reagent for skatolc after separation. 

Nelson, V. E., J. Biol. Chem. 24, 527 (1916). Some color reactions fur indoi^. 
and skatole. Possibility of some quantitative methods. 

Sodium. 

Doisy, E. a. and Bell, R. D., J. Biol. Chem. 46, 313 (1920-21). The dcUr- 
mination of sodium in blood. Use alkaline tartrate, sulfanilic acid and 
a-naphthylamine. 

Doisy, E. A. and Bell, R. D., J. Biol. Chem. 46, 319 (1920-21). Colorimetric 
determination of sodium in blood. 

Yoshimatsu, S., Tohoku J. Exptl. Med. 8 , 496 (1927). Colorimetric determina- 
tion of sodium in 0.1 cc. of scrum or blood. “The method involves 4 steps: 
( 1 ) pptn. of Na as pyroantimonate, (2) sepn. of the supernatant liquid by the 
centrifuge, ( 3 ) dissolving the pyroantimonate in HCl, and (4) the conversion 
of the Sb to the sulfide by the addn. of Na 2 S, when the orange red color pro- 
duced is read colorimetrically. The av. deviation of this method from 
Kramer’s method was ± 3.0%.” L. W. Riggs, C. A. 21 , 2145 (1927). 

Soil Toxicity. 

Carr, R. H., J. Ind. Eng. Chem. 13, 931 (1921). Measuring soil toxicity, acid- 
ity, and basicity. The soil is extracted with alcoholic thiocyanate solution 
and the extract treated with a few drops of logwood tincture. 

Standards. 

Jackson, D. D., Tech. Quart. 13, 314 (1900). Permanent standards for use in 
the analysis of water. 

Kendall, L. M., Tech. Quart. 17, 277 (1904). Permanent standards in water 
analysis. 

Lovibond, j. W., j. Soc. Chem. Ind. 28, 500 (1909); C. A. 3, 2278 (1909). 
Some requirements of a color standard. 

Arny, H. V., Am. Druggist 60, 35 (1912). Color standards. 

Arny, II. V., Proc. 8 th Intern. Cong. Appl. Chem. 26, 319 (1912). Interna- 
tional standards for colored fluids. 

Arny, H. V. and Pickhardt, E. G., Drug. Circ. 68 , 131 (1914); C. A. 8 , 2540 
(1914); see also J. Franklin Inst. Aug. 1916. The problem of color standard- 
ization. Develop a supplemental set of colors (CoCl 3 - 5 NH 3 ll 2 (b 
(NH 4 ) 2 Crj 07 , CUSO 4 - 51120 ) to furnish the needed blues and some of the reds. 

Arny, H. V. and Ring, C. H., J. Franklin Inst. 180, 199 (1915); C. A. 9, 2492 
(1915). Standardized colored fluids. A continuation of the work reported 
in Drug. Circ. 68 , 131. 

Arny, H. V. and Ring, C. H., J. Am. Pharm. Assocn. 4, 1294 (1915); C. A. 10, 
804 (1916). A further report on the work recorded in J. Franklin Inst. 180, 
199. 

Arny, H. V. and Ring, C, H., J. Ind. Eng. Chem. 8, 309 (1916); C. A. 10, 1146 
(1916); see also Proc. 8 th Intern. Cong. Appl. Chem. 26, 319; cf. Amy and 
Pickhardt, Drug. Circ. 68, 131 (1914) and J. Franklin Inst. Aug. 1916. Color 
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Standards and colorimetric assays. Use colored solutions of CoClr6H20, 
FcClp -61120, CuS04 -51120 to prepare standard color solutions. Following 
determinations are dealt with in detail: NH 3 (Nessler’s reagent); NO 3 (phe- 
nolsulfonic acid); NO 2 (sulfanilic acid and naphthylamine hydrochloride); 
vanillin (method in Bull. 107, Bur. Chem., U. S. Dept. Agr. and also the 
folin and Denis method, J. Ind. Fmg. Chem. 4, 670 (1912); uric acid (phos- 
phomolybdic acid) ; salicylic acid (method of Bull. 107, Bur. Chem. U. S. 
Dept. Agr-); phosphates (ammonium molybdate reagent). 

Takata, M., T6hoku J. Exptl. Med. 1920, 1, 460; C. A. 16, 2457 (1921); 
Analyst 47, 32 (1922). Use of dyes as standards in colorimetric methods. 

Sondkn, K., Arkiv. Kcmi, Mineral. Gcol. 8, No. 7, 10 pp. (1921); C. A. 16, 
2090 (1922); J. Chem. Soc. 122, ii, 862 (1922); J. Soc. Chem. Ind. 41, 962 A 
(1922). The use of colored glasses in place of liquids in colorimetric investi- 
gations. 

Mki.lon, M. G., Proc. Indiana Acad. Sci. 1922, 164; C. A. 18, 1446 (1924). The 

’ use of solutions of inorganic salts as permanent color standards. 

Yoe, j. H. and Edgar, G., J. Phys. Chem. 27, 65 (1923). Use standardized 
cobalt blue glasses as color standards in determining the amount of an indan- 
threne dye (Ponsol Yellow G) reduced by alkaline Na-S^O^ 

Hahn, F. V. von, Z. angew. Chem. 36, 366 (1923); J. Chem. Soc. 124, ii, 657 
(1923); J. Soc. Chem. Ind. 42, 866A (1923). Colorimetric methods with the 
aid of Wilhelm Ostwald’s color standards. 

Arny. H. V. and Taub, A., J. Am. Pharni. Assocn. 12, 839 (1923); C. A. 18, 
1033 (1924); J. Franklin Inst. 196, 858 (1923). Standardized colored lluids 
and some official colorimetric tests. 

Harrison, A. P., Science 67, 716 (1923). Note on preparing color standards. 

Whipple, M. C., En^ Contr. 62, 80 (1924); C. A. 18, 3242 (1924). Permanent 
standards for iron determinations. Shows that the cobalt chloride usually 
purchased varies in comix)sition. Should be CoCl 2 - 6 H 30 . 

Yoe, j. H., J. Phys. Chem. 28, 1211 (1924). Uses standardized cobalt blue 
glasses as color standards in determining the amount of certain vat dyes 
(Ponsol Blue G, Ponsol Blue R, Ponsol Dark Blue BR, and Ponsol Violet RR) 
reduced by alkaline Na^SiOt. 

Starch. 

Ambuhl, G., Chcm.-Ztg. 19, 1508 (1895). 

Dennstedt, M. and Voigtlander, F., Forschungsb. u. Lebcnsmittcl 2, 173 

(1895). , . 

Cassel, C., Z. Spiritusind. 36, 591 (1912); Chem. Zentr. 64 (1913). Colori- 
metric Method for determination of starch. 

Thomas, W., J. Am. Chem. Soc. 46, 1670 (1924); C . A. 18, 2538 (1924). Deter- 
mination of starch and other '‘reserve” carbohydrates in plants. Use picric 
acid. 

Stercobilin. 

Goiffon, R., Compt. rend. soc. biol. 83, 60 (1920); from J. pharm. chim. 21, 
286 (1920); J. Chem. Soc. 118, ii, 399 (1920); C. A. 14, 3256 (1920). Uses a 
saturated solution of HgCb and ammonia. Red color obtained. 
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Borrien, V., Compt rend. soc. biol. 83, 211 (1920); J. Chem. Soc. 118, ii, 520 
(1920); C. A. 16, 1442 (1922). Goiffon’s colorimetric method for the estima- 
tion of stercobilin. Accurate estimation only possible when the substance 
has been isolated chemically pure. No method at present will do this. 

Strychnine. 

ScANDOLA, E., Chem. Zentr. 1911, I, 593; from a reprint from Boll. Soc. Med, 
Chirurg. di Pavia, 1910; J. Chem. Soc. 100, ii, 553 (1911). Uses Mandelin's 
reagent (NH., vanadate dissolved in HjSOj). SDlution should not contain 
any other alkaloid but strychnine. 

Sugar. (See also Carbohydrate, Dextrose, Glucose, and Lactose.) 

Payen’, Dingler’s polytech. J. 27, 372 (1828); ref. given in Z. anal. Chem. 6, 
424 (1866). Color of raw sugar, saps, and syrup in the manufacture of sugar; 
also the decolorizing power of charcoal. 

JoiiNSOX, G., Brit. med. J. 1883, 504, On picric acid as a test for albumen 
and sugar in the urine. Uses picric acid and KOIi. 

iMACLEOi), J. J. R., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 4, xvii (1908). 
A comparison of W. Reid’s and Schenck’s methods for the estimation of sugar 
in blood, 

Forailong, R., Bull, assocn. chim. suer. dist. 27, 1188; C. A. 4, 2584 (1910). 
Colorimetric method for the appro.ximate determination of small quantities 
of sugar by means of a-naphlhol. 

Wacker, L., Sitzb. Phys.-lMed. Ges. Wiirtzburg, 1910; Zentr. Biochem. 
Biophys. 11, 487; C. A. 6, 3086 (1911). Colorimetric method for determining 
the sugar in blood. 

Wacker, L., Z. physiol, ('hem. 67, 197 (1910); ('. .\. 6, 1473 (1911). A colori- 
metric method for the determination of sugar in the blood. Proposes the 
use of />-phenyIhydrazinesulfonic acid and NaOH, 

Forschbacii and Severin, Zentr. ges. Physiol. Path. Stoffw. [n. s.] 6, 54 (1911); 
C. A. 6, 2264 (1911). ('olorimelric estimation of blood sugar. 1. The esti- 
mation of blood carbohydrates by Wacker. 

Forschbacii and Severin, Zentr. ges. Physiol. Path. Stoffw. 6, 177 (1911); 
C, A. 6, 2392 (1911). Colorimetric determination of sugars in the blood. 

Wacker, L., Zentr. ges. Physiol. Path. Stoffw. 6, 524; C. A. 5, 3691 (1911). 
Colorimetric determination of sugar in the blood. A response to Forschbach 
and Severin. W, compares his method with that of F. and S. and finds the 
results do not agree. 

Forschbacii and Severin, Zentr. ges. Physiol. Path. Stoffw. 6, 665 (1911); 
C. A. 6, 3691 (1911). The application of the Autenrieth-Tesdorpf method ol 
sugar determination in urine to the quantitative determination of sugar in 
the blood. 

Autenrietii, W. and Muller, G., Miinch. med. Wochschr. 63, 899 (1911). 

Underhill, F. P. and Fine, M. S., J. 'Biol. Chem. 10, 271 (1911-12). Studies 
in carbohydrate metabolism. II. The prevention and inhibition of pancreat ic 
diabetes. Estimate sugar in urine with a Schmidt and Haensch triple- 
shadow saccharimeter. 
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AUTENRIETH, W. and Funk, A., Miinch. mcd. Wochschr. 69, 689 (1912). 

EscHLE, 0., Fortschritte Med. 30, 326 (1912). 

Reicher, K. and Stein, E. II., Z. exptl. Path. Therap. 10, 533; C. A. 7, 619 
(1913). Present a defense of their colorimetric method of estimating blood 
and tissue sugar, based on the a-naphthol reaction empirically controlled. 

Jarvinen, K. K., Z. anal. Chem. 62, 14 (1913). A quantitative method for 
determining sugar in urine. Make use of the Almen-Nylander reagent 
(Z. anal. Chem. 9, 494; Z. Physiol. Chem. 60, 36; Biochem. Z. 16, 489). 

Lewis, R. C. and Benedict, S. R., Proc. Soc. Exptl. Biol. Med. 11, 57 (1913- 
14). A method for the estimation of sugar in small quantities of blood. 

Epstein, A. A., J. Am. Med. Assocn. 63, 1667 (1914). Blood sugar. Uses the 
Sahli-Gower hemoglobinometer. Modifies the method of Lewis and Bene- 
dict. 

Riegler, E., Z. anal. Chem. 63, 245 (1914). Colorimetric estimation of sugar 
in urine. Uses a Cu solution. CujO precipitated by the sugar and Cu 
estimated colorimetrically. 

Autenrieth, W. and Montigny, W., Munch, med. Wochschr. 61, 1671 (1914); 
Kolloid-Z. 21, 41 (1917); C. A. 9, 213 (1915). Determination of sugar in 
blood. 

Shaffer, P, A., J. Biol. Chem. 19, 285 (1914). On the determination of sugar 
in blood. Colorimetric determination of cuprous oxide. 

Lewis, R. C. and Benedict, S. R., J. Biol. Chem. 20, 61 (1915). A method for 
the estimation of sugar in small quantities of blood. Based upon the red 
color (probably picramic acid) obtained by heating a dextrose solution with 
picric acid and NajCOn. 

Schaffer, F., Jahresversamml. Schweiz. Vereins. anal. Chem., Zurich, June 5, 
1915; through J. Soc. Chem. Ind. 34, 1025 (1915). Colorimetric determina- 
tion of pentoses and methylpcntoses in wine. 

Pearce, R. G., J. Biol, Chem. 22, 525 (1915). A criticism of the Bang and 
Lewis-Benedict methods for the estimation of blood sugar, with suggestions 
for a modification of the latter method. Details on pp. 531-32. 

Bernhard, A., Diss. Brooklyn Polytech. Inst. June 1915; Sugar 17, No. 11, 41 
(1915); C. A. 10, 1230 (1916). A simple colorimetric method for the deter- 
mination of free reducing sugar and total carbohydrates in miscellaneous food 
materials. Uses the color reaction produced by heating dextrose in alkaline 
solution with picric acid. Picramic acid formed. 

McDanell, L., j. Lab. Clin. Mcd. 1, 804 (1915-16). The estimation of sugar 
in the blood by the Lewis-Benedict (J. Biol. Chem. 20, 61) method. The 
method is based on the formation of a red color due to the reduction of 
picric acid to picramic acid by dextrose, in an alkaline medium. 

Macleod, j. j. R., j. Lab. Clin. Med. 1, 445 (1915-16). A rapid and accurate 
clinical method for the estimation of sugar in small quantities of blood. 

Epstein, A. A. and Baehr, G., J. Biol. Chem. 24, 1 (1916). Use a modification 
of the Lewis and Benedict method. 

Epstein, A. A. and Baehr, G., J. Biol. Chem. 24, 17 (1916). Blood sugar 
determined by Epstein’s method. 
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Myers, V. C. and Bailey, C. V., J. Biol. Chem. 24, 147 (1916). The Lewis 
and Benedict method for the estimation of blood sugar, with some observa- 
tions obtained in disease. 

Epstein, A. A. and Aschner, P. W., J. Biol. Chem. 26, 151 (1916). The effect 
of surgical procedures on the blood sugar content. Blood sugar content by 
the Lewis and Benedict method. 

Kramer, B. and Coffin, H. W., J. Biol. Chem. 26, 423 (1916). Sugar by the 
Lewis-Benedict method. 

Epstein, A. A., Reiss, J. and Branower, J., J. Biol. Chem. 26, 25 (1916). 
Estimate blood sugar by Epstein’s method. 

Csonka, F. A., J. Biol. Chem. 26, 93 (1916). Blood sugar by the Lewis- 
Benedict method. 

Underhill, F. P. and Baumann, PL J., J. Biol. Chem. 27, 151 (1916). Esti- 
mate sugar content of blood by the method of Benedict and Lewis, J. Biol. 
Chem. 20, 61 (1915). 

Underhill, F. P. and Baumann, E. J., J. Biol. Chem. 27, 169 (1916). The 
interrelations of blood fat and blood sugar content of dogs under the influence 
of hydrazine. Blood sugar by the procedures of Forschbach and Severin, 
and Benedict and Lewis. 

Murlin, j. R. and Kramer, B., J. Biol. Chem. 27, 481 (1916). Pancreatic 
diabetes in the dog. Lewis-Benedict method for blood sugar. 
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Meinecke; (3) Eggertz; (4) Wiborgh; (5) Johnston’s Br; ’( 6 ) Brown’s 
KMn 04 ; (7) Craigs H 2 O 2 ; ( 8 ) Berzelius’ AgNOs; (9) Dewery’s weighinir 
CdS; ( 10 ) Weil & Elliott’s NaOH and I; ( 11 ) Fohr’s ZnS-FeSO^-KMnO,. 
Babbitt, H. C., J. Anal. Chem. 6 , 301 (1892); Z. anorg. Chem. 3 , 396 (1893)* 
Centr. Blatt 1892, p. 547; J. Iron Steel Inst. London 43 , 408 (1893). Wi* 
borgh’s colorimetric sulfur determination. Describes the method and gives 
a cut of Wiborgh’s apparatus. No data. 

Lucas, M., Bull. soc. chim. 17, 144 (1896); J. Chem. Soc. 74 , ii, 483 (1898)‘ 
J. Iron Steel Inst. London 64, 559 (1898); Centr. Blatt 1897, p. 435 . Les 
methodcs de dosage du phosphorc et du soufre dans le fer, I’acicr et la fontc. 

Evolves II 2 S with H 2 SO 4 and HCl and passes through hot tube into alk. 
lead solution. The pptd. PbS is filtered olT, washed, dissolved in HNO3, 
neutralized with NaOH and the Pb estimated colorometrically by author’s 
process. Gives cut of apparatus. Uses 1 gram sample and says always 
gets constant and delicate results.” II. B. Pulsifier: “The Determination 
of Sulfur in Iron and Steel,” Chemical Publishing Company, Easton, Pa., 1922. 
Herting, 0., Chem.-Ztg. 21 , 87 (1897); Chem. News 76, 109 (1897); Z. anorg. 
Chem. 18, 394 (1898); Centr. Blatt 1897, p. 514. Beitrag zur Bestimmung 
des Schwefels in Eisensorten. 

Lucas, M., BuU. soc. chim. 17, iii, ISO (1897); J. Chem. Soc. 74 ii, 483 (1898). 
Cf. Bull. soc. chim. 15, 39 (1896). Application of the colorimetricmethod 
for estimating lead to the estimation of sulfur in iron, steel, and cast iron. 
Forms H.S, absorbs this in alkaline lead solution and matches the colored 
PbS suspension. 

Riemer, a., Stahl u. Eisen 19, 1064 (1899); J. Chem. Soc. 88 , ii, 309 (1900); 

J. Iron Steel Inst. London 1900, p. 434; Centr. Blatt 1900, i, p. 61. Deter- 
mination of sulfur in pig iron and in cast iron. Says Wiborgh’s method is 
untrustworthy, indicating only about half the sulfur present. 

Lindsay, W. G., School of Mines Quarterly 23, 24 (1901); J. Soc. Chem. Ind. 
21 , 279 (1902); J. Iron Steel Inst. London 61, 469 (1902); Centr. Blatt 1902, 
p. 799; Stahl u. Eisen 22 , 211 (1902). On a colorimetric method for the esti- 
mation of sulfur in pig iron. “ From a 5-gram sample the H 2 S liberated with 
HCl is absorbed in NaOH; a small portion of the solution is taken, acidified 
with H 2 SO 4 and paraphenylenediraethyldiaminehydrochloride and FeCb 
added; the color developed is compared with standards.” H. B. Pulsifier: 
“The Determination of Sulfur in Iron and Steel,” Chemical Publishing Co., 
1922. 

Winkler, L. W., Z. anal. Chem. 40, 772 (1901). Uses NaOH and PbAca. 

Naske, T., Stahl u. Eisen 22 , 333 (1902); Analyst 27, 206 (1902); J. Iron Steel 
Inst. London 61, 649 (1902); Chem.-Ztg. 26, 333 (1902); J. Soc. Chem. Ind. 
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21 , S63 (1902). Colorimetrische Methodc zur Bestimmung dcs Schwefels 
in Roheisen. “Uses paradimethylphenylendiaminc which forms colored 
tctramethylthyoninchloride; results not good. NaOII is not a good absorb- 
ent as NajS, NaHS and polysulfides arc formed; air converts these partly to 
thiosulfate; some S goes to H 2 SO 4 , some H 2 S escapes; longer action of passing 
gases leaves only NaOH in flask. This method (of Lindsay and Naske) gives 
only qualitative test for S.” H. B. Pulsifer: “The Determination of Sulfur 
in Iron and Steel,” Chemical Publishing Co., Easton, Pa., 1922. 

Friedheim C.; “Leitfaden fur die quantitative chemische Analyse.” Habel, 
C. Berlin 1906. Page 527 gives evolution and colorimetric methods, with 
cuts. 

WnxiAMS, G. W., J. Chem. Met. Mining Soc. S. Africa 6 , 170 (1905) and J. Soc. 
Chem. Ind. 26, 137 (1906). Determination of soluble sulfides in commercial 
NaCN and KCN. Uses an alkaline Na plumbatc -reagent. PbS suspension 
formed. 

Petren, j., Jern-Kontoret Annaler 60, 187 (1905); Stahl u. Eisen 26, 544 
(1906). Om bestamning af svafel uli jam. A 47-page article with full dis- 
cussion and many references. 

SiEDNER, C. F.: “Quantitative Metallurgical Analysis,” H. W. Wilson Co., 
Minneapolis, 1907, pp. 72-78. 

Ewan, T., J. Soc. Chem. Ind. 28, 12 (1909); J. Chem. Soc. 96, 263 (1909); 
cf. G. W. Williams, J. Chem. Met. Mining Soc. S. Africa 6, 170 (1905) and 
J. Soc. Chem. Ind. 26, 137 ( 1906 ). Estimation of sulfide in alkali cyanides. 
Uses Williams’ alkaline Na plumbate reagent. PbS suspension formed. 

Giolitti, F. and Marcantonio, M., Rass. min. met. chim. 36, 67 (1911); 
C. A. 6 , 3548 (1911). Modifies method of Arnold and Hardy by using a 
heated tube and special absorption bulbs containing Pb or Cd acetate solution. 
Results reported were from 0.001 per cent to 0.004 per cent lower than by 


oxidation and weighing as BaSO^. _ 

Grant, W. G., Chemist-Analyst 9, 9 (1914); C. A. 8 , 2325 (1914). Sulfur m 
iron, etc. Evolution method with absorption of II.S in Cu(NOd 2 and 

colorimetric estimation. t 1 00 

Misson, G.. j. Iron Steel Inst. London 89, 510 (1914); J. Soc. Chem. Ind. 33, 
551 (1914). The colorimetric estimation of sulfur in pig iron and steels. 
Misson, G., Iron Age 93, 1253 (1914). Sulfur by action of H,S on As, 0, paper. 
Seraing, G. M., Chem. Zenlr. 1924, ii, 1122; Oeslerr. Z. Berg-lluttenw. 82, 459 
(1914); J. Chem. Soc. 108, ii, 574 (1915). Colorimetric estimation of sulfur 
in pig iron and steel. Forms H,S which is .allowed to come in contact with 
a filter paper impregnated with AsCL. 

Drusiiel, W. a. and Elston, C. M., Am. J. Sci. 42, 155 (1916); Chem. News 
114, 272 (1916). Estimation of small amounts of sulfide. , ,, . 

Pulsifer, H. B., J. Ind. Eng. Chem. 8 , 1115 (1916). Estimation of sulfur in 
iron and steel. A bibUography covering 285 original article classified and 
briefly discussed. A study of the precision of results. 2.38 results on 
samples by 3 methods (not colorimetric). P.’s references to colonmetnc 
methods are included in the present bibliography. 
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Treadwell, F. P. and Hall, W. T. (Translator from the German) : Analytical 
Chemistry, Vol. 11. Quantitative Analysis, 5 ed., p. 354, John Wiley & Sons, 
Inc., New York, 1919. Determination of sulfur in iron and steel. The 
HiS evolved from a weighed amount of iron is passed through a cloth which 
has been wet with a solution of CdAc 2 . The yellow color thus formed on the 
cloth is matched against a standard. 

Misson, G., Ann. chim. anal. chim. appl. 3, 200 (1921); C. A. 15, 3430 (1921); 
J. Chem. Soc. 120 , ii, 556 (1921); J. Soc. Chem. Ind. 40, 660A (1921). Col- 
orimetric determination of sulfur in steel. Steel treated with a mixture of 
gasoline and HCl. Moist AS 2 O 3 strip of paper suspended above. Vessel 
closed. Liberated H 2 S stains paper. The stain is compared with a series of 
stains prepared under similar conditions. Method very rapid and said to 
give good results. 

Snell, F. D., Colorimetric Analysis, p. 135, D. Van Nostrand Co., New York. 
1921. Determination of sulfur by paraphenylenedimethyldiamine. 

Snell, F. D., Colorimetric Analysis, p. 136, D. Van Nostrand Co., New York, 
1921. Determination of sulfur by the action of ICS on AS 2 O 3 paper. 

PuLSiFER, H. B., “Determination of Sulfur in Iron and Steel,” Chemical Pub- 
lishing Co., Easton, Pa., 1922. Pages 53-155 contain a bibliography of 
about 300 references on all types of methods for the determination of sulfur 
in iron and steel. Extensive notes and abstracts, with methods, apparatus, 
data, etc., are given. The references in this bibliography include the colori- 
metric methods given by Pulsifcr. 

Tannin, etc. 

Hinsdale, S. J., Chem. News 62, 19 (1890); J. Chem. Soc. 68 , 1348 (1890). 
Colorimetric method for estimating tannin in barks. Uses a solution of 
K 3 Fe(CN )6 and FeCC. 

Hinsdale, S. J., Chem. News 64, 51 (1891); see also J. Anal, and Appl. Chem. 
6 , 598 (1891). Colorimetric method for estimating gallotannic acid, gallic 
acid and tannic acid. Uses KsFe(CN)#, FeCh and “tannin solution.” 

Mitchell, C. A., Analyst 48, 2 (1923); C. A. 17, 1401 (1923). The colorimetric 
estimation of pyrogallol, gallotannin and gallic acid. Uses FeS 04 and 
Rochelle salt. 

Mitchell, C. A., Analyst 49, 162 (1924). A dilute “osmic acid” solution is 
used as a reagent for pyrogallol, gallic acid, and the corresponding tannins. 

Menaul, P., j. Agr. Research 26, 257 (1924). 

Price, P. H., Analyst 49, 361 (1924); C. A. 19, 623 (1925). An attempt to 
extend Mitchell’s colorimetric method to the estimation of catechol tannins. 
Unsatisfactory results. 

Glasstone, S., Analyst 60, 49 (1925). Influence of hydrogen-ion concentra- 
tion on the colorimetric determination of pyrogallol and catechol derivatives. 
“Mitchell (C. A. 17, 1401) and later Miss Price (C. A. 19, 623) have worked 
with a colorimetric method for the detn. of pyrogallol and catechol derivs. 
which depends on the formation of a reddish violet color on the addition of 
FeSOi-Rochelle salt to a very dil. soln. The work here described shows 
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that different substances of the class in question have different Il-ion conens. 
within which the violet color is formed to the best advantage and unless 
precautions are taken to maintain the proper H-ion conen., 2 solns. with 
equal content of pyrogallol or catechol nucleus may not give the same inten- 
sity of color in the test. Thus with the following substances the color was 
produced within these pB. limits; pyrogallol 6.5-10,3, gallic acid 5.9-10.3, 
tannic acid 4.1-11.1, catechol 7.0-10.3, pyrocatechuic acid 6.3-10.4. In 
applying the test to pyrogallol derivs. it is best to modify the reagent by 
adding NH 40 Ac soln. to act as a buffer salt and with catechol a few drops of 
NH 4 OH should be used.” W. T. H., C. A. 19, 2620 (1925). 

Tantalum. 

Levy, L., Compt. rend. 103, 1074, 1195; see also J. Anal. Chem. 1 , 201 (1887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tantalic, stannic, 
arsenic, vanadic, bismuth oxide. Reagents used were either phenols or 
allied substances. 

Thiocyanate. 

Vernon, H. M., Chem. News 66, 177, 191, 202, 214 (1892); ibid., 67, 66 (1893). 
On the reactions of ferric salts with thiocyanates. 

Gladstone, J. H., Chem. News 67, 1 (1893). On the reactions of ferric salts 
with thiocyanates. Studies the effects of concentration, presence of other 
radicals, and of temperature changes. 

PoLLACCi, E., Ann. chim. anal. 9, 162 (1904); J. Chem. Soc. 86 , ii, 522 (1904). 
Detection of thiocyanic acid in saliva. Use HgCl. Thiocyanate partially 
reduces HgCl, forming Hg and Hg thiocyanate. 1 cst latter with FeCh. 

Philip, J. C. and Bramley, A., Proc. Chem. Soc. April 17, 1913; Chem. 
News 107, 226 (1913), The reaction between ferric salts and thiocyanates. 

Bailey, K. C, and Bailey, D. F. IL, Proc. Roy. Irish Acad. 37 [B], 1 (1924); 
J. Chem. Soc. 128, ii, 447 (1925); C. A. 19, 946; J. Soc. Chem. Ind. 44, B313 
(1925). Colorimetric determination of thiocyanates and cyanates. 

Thiophen. 

Schwalbe, C., Chem.-Ztg. 29, 895 (1905); J. Chem. Soc. 88 , ii, 779 (1905); 
J. Soc. Chem. Ind. 24, 988 (1905). Uses H 2 SO 4 solution of isatin. 

Thiosulfate. 

Hewitt, J. T. and Mann, G, R., Proc. Chem. Soc. Feb. 6, 1913; Chem. News 
107, 93 (1913). Reaction between ferric salts and thiosulfates. 

Hackl, 0., Chem.-Ztg. 47 , 266 (1923); J. Chem. Soc. 124, ii, 333 (1923); C. A. 
17, 2091 (1923); Analyst 48, 350 (1923); J. Soc. Chem. Ind. 42, 398A 
(1923). Colorimetric estimation of traces of thiosulfate in the presence of 
sulfite. Uses H 2 SO 4 and AgNOj.r, 

Thymol. 

Pucker, G. W. and Bird. L. A., Proc. Soc. Exptl. Biol. Med. 21, 565 (1924). 
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Tin. 

Levy, L., Compt. rend. 103, 1074, 1195; see also J. Anal. Chem. 1, 201 (i887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tantalic, stannic 
arsenic, vanadic, bismuth oxide. Reagents used were cither phenols or 
allied substances. 

Budden, E. R. and Hardy, II., Analyst 19, 169; J. Chem. Soc. 66, ii, 48i 
(1894). Colorimetric estimation of minute quantities of lead, copper, tin, 
and iron. See the abstract of this paper given under Copper. 

Buchanan, C. S. and Sciiryver, S. B., Reports of Inspector (British) of 
Foods No. 7, 1908, p. 1; Analyst 34, 123 (19C9). On the presence of tin in 
certain canned goods. 

Huttig, G. P\, Chcm.-Ztg. 47, 341 (1923); J. Chem. Soc. 124, ii, 437 (1923), 
Estimation of tin by means of (he molybdenum-blue reaction. Accurate only 
when the tin is in very low concentration. 

J.'VRVINEN, K. K., Z. Nahr. Genussm. 46, 183 (1923); J. Chem. Soc. 124, ii, 6.S5 
(1923). Colorimetric estimation of small quantities of metals in foodstuffs 
and the preliminary destruction of the organic matter. Details for the 
destruction of the organic matter arc given and for (he estimation of Sn ami 
Pb in the presence of one another, Cu and Zn in the presence of one another, 
Al, Ni, As, and Sb. Uses H^S or Nu^S. 

Titanium. 

ScHONN, Z. anal. Chem. 9, 41, 330 (1870). First to observe the yellow color 
produced by the action of H2O2 on molybdic and titanic acids. 

Weller, A., Ber. 16, 2592 (1882). On the test and determination of titanium. 
Uses H'i02. A yellow or orange colored solution is obtained. 

Jackson, 1C, Chem. News 47, 157 (1883). Ti in H(fl or H2SO4 gives a yellow 
or orange color when H2O2 is added, the depth of color depending upon the 
cone. Ti. (fonverse of the test may be used to test for H2O2. Suggests 
the method may be made quantitative. 

Levy, L., Compt. rend. 103, 1074, 1195; see also J. Anal. Chem. 1, 201 (1887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tantalic, stannie, 
arsenic, vanadic, bismuth oxide. Reagents used were either phenols or 
allied substances. 

Noye.s, W. a., j. Anal, and Appl. Chem. 6, 39 (1891). The detection and esti- 
mation of titanium. Uses H2O2 and 1I2S04. 

DunninGTon, F. P., j. Am. Chem. Soc. 13, 210 (1891). On mctatitanic acid 
and the estimation of titanium by hydrogen peroxide. Points out the 
necessity for the presence of at least 5 per cent of H2SO4 in solutions to be 
treated with H2O2. Believed this necessary to prevent partial reversion to 
mctatitanic acid, which does not give a color with H2O2. 

Hillebrand, W. F., j. Am. Chem. Soc. 17, 718 (1895); Chem. News 72, 158 
(1895). Points out that it is imperative to use only H2O2 which is free from 
HF or fluoride, since fluorine bleaches the TiS04-H202 color to a marked 
degree. 

Baskerville, C., j. Soc. Chem. Ind. 19, 419 (1900). On the analysis of titan- 
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ifcrous iron ores. All fluoride is driven off, the residue dissolved in 10 per 
cent H2SO4 and H2O2 then added. 

Brakes, J., J. Soc. Chem. Ind. 20, 23 (1901); J. Chem. Soc. 80, ii, 285 (1901). 
Uses HaOa. Ti02 solution acid with H2SO4. 

Hall, R. and Smith, E. F., Proc. Am. Phil. Soc. 44, 196 (1905). Give a 
number of color reactions for titanium, columbium and tungsten. None 
satisfactory as tests except in the case of morphine for titanium. The latter 
gives a red to brown color. Very delicate. 

Pellet, H. and Fribourg, C., Ann. chim. anal. 10, 413 (1905); Analyst 31, 
59 (1906). The determination of titanium in soil and the ash of plants. 
Uses H2O2. Sample in II2SO4. 

Faber, P., Chem.-Ztg. 31, 263 (1907); Z. anal. Chem. 46, 277 (1907); C. A. 1, 
1528 (1907). The colorimetric determination of titanium and its application 
in the presence of iron. Uses H2O2 in ll2S04-Ti solutions. Method accurate 
in the presence of large quantities of iron if a measured excess of II3PO4 is 
added both to standard titanium solution and the test solution. This modi- 
fied Weller’s method dissolves II Ac mass, after the K bisulfate fusion, in 
dilute H2SO4 (sp. gr. 1.10 to 1.12) heated to boiling instead of cold water 
which requires 36 hours at least. The excess acid prevents formation of any 
TiOS04 which docs not color solution so intensely as Ti(SO.t)2 when the H2O3 
is added. See, however, Dunnington, J. Am. Chem. Soc. 13, 210 (1891). 

Walton, J. H., Jr., J. Am. Chem. Soc. 29, 481 (1907); C. A. 1, 1957 (1907); 
J. Soc. Chem. Ind. 26, 719 (1907). Compares acid sulfate fusion method 
with W.’s Na202 and H3PO4 method. Also shows Fe content of substances 
analyzed, and gives effects of impurities. 

Merwin, H. E., Am. J. Sci. [4] 28, 119 (1909); C. A. 3, 2919 (1909). Cedora- 
tion in peroxidized titanium solutions, with special reference to the colorimet- 
ric methods of estimating titanium and fluorine. II2O2 used. Color pro- 
duced by Ti and the bleaching effect of F used to determine Ti and F, 
respectively. Gives the effects of free acid, alkali salts, and temperature. 

Barnebey, 0. L. and Isham, R. M., J. Am. Chem. Soc. 32, 957 (1910). Esti- 
mation of titanium. If Ti content is small, uses H2()2 colorimetric method. 

Gautier, A., Chimiste 1, 177; C. A. 6, 846 (1911); also in Rev. gen. chim. 14, 
14, IS. Estimation of titanium in aluminum minerals by the colorimetric 
method. Uses lUO. in H'jSOi-Ti solutions. 

Gautier, A., Chimiste 2, 2; Rev. gem. chim. 14, 16 (1911), C. A. 6, 1242 
(1911). The application of methyl orange to the colorimetric determmaUon 
of titanium. Recommended for the preparation of a standard comparison 
scale in the HjOi method for Ti. Advantages stated to be that the standards 


do not fade and are easily prepared. 

Wells, R. C., J. Am. Chem. Soc. 33, 504 (1911) and Z. anorg Chem. 70, 395 
(1911); C. A. 6 , 1720 (1911); J. So;. Chem. Ind. 1’ ’ 

Chem. 88, 201 (1925). See also D. W. Horn and Sue A. Blake, Am. J. Set. 
36, 202 (1906). Sensitiveness of the colorimetric cstimtion of titanium. 
Accuracy found to be practially constant over a range from strongest down 
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to about 1.5 mg. TiOa per 100 cc. Change in concentration required to show 
a perceptible difference in color intensity between 2 solutions at favorable 
concentrations was found to be about 6.5 per cent. This is about the same 
as results of others for Cr and Cu solutions. With suitable precautions, 
such as comparing by substitution and taking mean of several settings or of 
the two perceptible different extremes, accuracy appears to be about 2 per 
cent. 

Muller, J. H., J. Am. Chem. Soc. 33, 1506 (1911). 

Lenher, V. and Crawford, W. G., Orig. Com. 8 th Intern. Congr. App], 
Chem. 1, 285 (1912); also in J. Am. Chem. Soc. 36, 138 (1913); C. A. 6, 
3246 (1912); J. Soc. Chem. Ind. 31, 956 (1912); cf. Levy, Compt. rend. 103, 
1075, 1195; Hall and Smith, Proc. Am. Phil. Soc. 44, 196 (1905). A new 
colorimetric method for titanium. Table showing color produced by Ti with 
numerous organic compounds. Color produced by thymol in concentrated 
H 2 SO 4 with Ti at least 25 times as great as that by H 2 O 2 method. Method 
short (1 hr.). 

McCabe, C. R., J. Ind. Eng. Chem. 6 , 735 (1913), see also note on p. 8 / 2 ; 

C. A. 7, 3580 (1913); J. Soc. Chem. Ind. 33, 1090 (1914). Colorimelrie 
method for titanium in iron and steel. H 2 O 2 method. Original method of 
McCabe published in Chem. Eng. 13, 243 (1911). Above modified methods 
are more direct and the results are satisfactory. 

Mellor, j. W., Trans. Ceram. Soc. England 12, 33 (1913); J. Chem. Soc. 104, 
ii, 627 (1913); J. Soc. Chem. Ind. 32, 510 (1913). The simultaneous esti- 
mation of small quantities of titanium and vanadium colorimetrically. Uses 
H 2 O 2 in a special way. 

Wright, C. W., Chem. News 108, 248 (1913). Rapid estimation of manganese, 
vanadium, and titanium in the presence of one another in pig iron and steel. 
Uses a volumetric method for Mn and H 2 O 2 method for V and Ti. 

Molstad, R., Tids. Kemi Farm. Terapi 11 , 313 (1914); C. A. 9, 422 (1915). 
Sample and standard rutile each dissolved in a mixture of H2O, H2SO4, and 
H3PO4 and oxidized with H2O2. 

Hillebrand, W. F., U. S. Geol. Survey Bull. 700 (1919), p. 155. Uses HjOj. 
Titanium solution must contain at least 5 per cent H2SO4. Gives principle 
of the method, conditions that affect it, and details of the procedure. 

Treadwell, F. P. and Hall, W. T. (Translator from the German), Analytical 
Chemistry. Vol. II. Quantitative Analysis. 5 ed., p. 100 , John Wiley & 
Sons, Inc., New York, 1919. Uses H 2 O 2 . 

Dieckmann, T., Z. anal. Chem. 60, 230 (1921); J. Chem. Soc. 120 , ii, 591 
(1921); J. Soc. Chem. Ind. 40, 737A (1921). Estimation of titanium in iron 
and steel. Uses H3PO4 and H2O2. 

Snell, F. D., Colorimetric Analysis, p. 95, D. Van Nostrand Co., New York, 
1921. Determination of titanium by^H 202 . 

Snell, F. D., ibid., p. 97, 1921. Determination of titanium by thymol. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 ed., pp. 545-551, 

D. Van Nostrand Co., New York, 1926, Uses H 2 O 2 and thymol methods. 
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Trypsin- 

Palladin, a., Arch. ges. Physiol. 134, 337; C. A. B, 1615 (1911). A simple 
method for the quantitative determination of trypsin and the ferment of 
trypsin. Uses a dye stuff such as spirit blue. 

Funk C., J. Biol. Chem. 26, 121 (1916). The dialysis of trypsin and the 
proteoclastic action of the protein cleavage products. 

Smorodintzev, I. A. and Adova, A. N., Biochem. Z. 153, 14 (1924). Prepara- 
tion of standards for the colorimetric determination of trypsin. “Fibrin is 
minced washed thoroughly, and stained with diphenylrosaniline in glycerol. 
The colored fibrin in known amts, is acted upon by a pancreatin prepn. and 
from the intensity of the color of the resulting soln. the amt. of trypsin in the 
pancreatin is indicated.” W. D. L., C. A. 19, 2352 (1925). 


Tryptophane. 

Levene, P. a. and Rouiller, C. A., J. Biol. Chem. 2, 481 (1906-7). On the 
quantitative estimation of tryptophane in protein cleavage products. Use 
Br-water. Purple color produced. 

Fasal, H., Biochem. Z. 44, 392 (1912); J. Chem. Soc. 102, ii, 1220 (1912). 

A colorimetric method for the estimation of tryptophane and the tryptophane 
content of horny substances and other proteins. Basis of method is the 
Hopkins-Cole color reaction with glyoxylic and sulfuric acids. 
forth, 0. and Nobel, E., Biochem. Z. 109, 103 (1920). 
forth, 0. and Lieben, F., Biochem. Z. 109, 124, 153 (1920); J. Chem. Soc. 

120, ii, 71 (1921); Analyst 46, 100 (1921). Uses Voisinet’s reaction. 
forth, 0. and Lieben, F., Biochem. Z. 116, 224 (1921); Ber. ges. Physiol. 

exptl. Pharmakol. 8, 211 (1921). 
forth, 0. and Lieben, F., Biochem. Z. 116, 232 (1921). 

Frankel, S. and Feldsberg, E., Biochem. Z. 120, 227 (1921). 
forth, 0. and Lieben, F., Biochem. Z. 122, 58 (1921); 132, 325 (1922). 

Folin, 0. and Looney, J. M., J. Biol. Chem. 51, 421 (1922); C. A. 16, 1790 
(1922). Colorimetric methods for the separate determination of tyrosine, 
tryptophane, and cystine in proteins. 

SjoLLEMA, B. and Van der Zande, J. E., J. Biol. Chem. 53, 513 (1922). Tryp- 
tophane by the I’urth-Nobel method. 

May, C. E. and Rose, E. R., J. Biol Chem. 64, 213 (1922) fhe 1 jptophane 

content of some proteins. Use /.-dimethylaminobenzaldehyde and HU. 
Luscher, E., Biochem. J. 16, 559 (1922). The tryptophane content of Bence- 
Jones’ protein is estimated hy von Eiirth’s colorimetric method, Biochem. L 
109, 124, 153 (1920). Objections to this method are discussed. 

Jones, D. B. and Geesdorff, C. E. E, J. Biol. Chem. 66, 79 (1923). Use 

;>-dimethylaminobenzaldchyde in 10 per cent IIiSO,. 

Hunter, A and Borsovk, H., J. Biol. Chem. 67, 507 ( 9 3) Nitrogen dis- 
tribution in globin. Tryptophanofind 6 183 

Jones, D. B., Gersdorff, C. E. F. and Moelier, ., J. lo . • i 

(1924-25). Tryptophane by the May-Rose method. 

kIius, I., J. bToI Chem. 63, 157 (1925). Colorimetric determination of 
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tryptophane by the vanillin-IICl reaction and the quantitative separation 
from indole and skatole. Also gives a critical review of the published methods 

Sumner, J. B. and Graham, V. A., J. Biol. Chem. 64, 257 (1925). The globu- 
lins of the Jack bean (canavalia cnsiformis). II. The content of cystine 
tyrosine and tryptophane. Used methods of Folin and Looney. 

Jones, D. B., Moeller, 0., and Gersdorff, C. E. F., J. Biol. Chem, 66, 59 
(1925). The nitrogen distribution and percentages of some amino-acids in 
the muscle of the shrimp, Pencus Setiferus (L) . Tryptophane by the methods 
of May and Rose. 

Looney, J. M., J. Biol. Chem. 69, 519 (1926). The colorimetric estimation of 
tyrosine, tryptophane, and cystine in proteins. 

Tungsten. 

Frabot, C., Ann. chim. anal. 9, 371 (1904). A color reaction of tungsten. 
Uses uric acid, followed by NaOH. A blue coloration is produced with 
H 2 WO 4 , said to be due to an intermediate blue tungsten oxide. Will detect 
1 part uric acid in 100,000 of solution and conversely can be used to detect 
W in metals. 

Schoetter, W. R. and Povell, A. R., Eng. Mining. J. 106, 734 (1918). 

Travers, A., Compt. rend. 166, 416 (1918); J. Soc. Chem, Ind. 37, 225A 
(1918); Z. anal. Chem. 67, 462 (1918); C. A. 12, 1158 (1918). Colorimetric 
determination of tungsten. Method based on the reduction of H2WO4 by 
TiCb, giving a blue oxide that remains in colloidal suspension under certain 
conditions. 

Snell, F, I)., Colorimetric Analysis, p. 101, D. Van Nostrand Co., New York, 
1921. Determination of tungsten as the oxide in colloidal suspension. 

Turbidimeter. 

Baylis, j. R., Ind. Eng. Chem. 18, 311 (1926). A turbidimeter. 

Olszewski, W., Chem.-Ztg. 60, 694 (1926); C. A. 21, 197 (1927). The Olsze- 
wski-Rosemuller turbidimeter and colorimeter for water investigation. 
Describes a half-shadow photometer in which the color glasses developed by 
the U. S. Geological Survey arc used for the color determinations. 

Turbidity. 

Whipple, G. C. and Jackson, D. D., Tech. Quart. 12, 283 (1899). Silica 
standards for determining the turbidity of water. 

Bado, a. a., Trelles, R. A., Anales soc. qufm. Argentina 4, 283 (1916); C. A. 
12, 1222 (1918). New methods for measuring the turbidity of water. 

Wells, P. V., U. S. Bur. Standards, Sci. Paper No. 367, 1920; J. Chem. Soc. 
120, ii, 56 (1921). Turbidity standard of water analysis. 

Denis, W., J. Biol. Chem. 47, 27 (1921). On the substitution of turbidimetry 
for nephelometry in certain biochemical methods of analysis. 

i 

Tyndallmeter. 

Mecklenburg, W. and Valentine, S., Z. Instrumentenk. 34, 209 (1914); 
KoUoid Z. 14, 172 (1914). 
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Tyramine* 

Hanke, M. T. and Koessler, K. K., Proc. Am. Soc. Biol. Chcm., J. Biol. 
Chem. 41> xlix (1920); C. A. 14, 3690 (1920). Quantitative colorimetric 
determination of tyrosine and tyramine (/>-hydroxyphenylethylamine) and 
other phenols. Use ^-phenyldiazonium sulfonate. NaOII and hydroxyla- 
mine hydrochloride. 

Hanke, M. T. and Koessler, K. K., J. Biol. Chcm. 60, 235 (1922). A micro- 
chemical colorimetric method for estimating tyrosine, tyramine and other 
phenols. 


Tyrosine. (See also Amino-acid.) 

FOLIN, 0. and Denis, W., J. Biol. Chem. 12, 245 (1912). Tyrosine in pro- 
teins as determined by a new colorimetric method. 

FoLiN, 0. and Denis, W., J. Biol. Chem. 14, 457 (1913). On the tyrosine con- 
tent of proteins— a reply to Abderhaklcn and Fuchs. Concerning their col- 
orimetric method. 

Auderiialden, E., j. Biol. Chem. 15, 357 (1913). Comments on the communi- 
cations of Folin and Denis. Claims tryptophane, hydroxytryptophane, and 
hydroxvproline give the same color reaction as tyroshu'. 

Johns, C 0. and Jones, D. B., J. Biol. Chem. 36, 319 (191K). The determina- 
tion of tyrosine in proteins. Folin and Denis colorimetric method [J. Biol. 
Chcm. 12, 245 (1912)]. 

Jones, D. B. and Johns, C. 0., J. Biol. Chem. 36, 323 (1918). 1 yrosme by Ihe 

Folin-Denis method. .. ^ 

Weiss, M., Biochem. Z. 97, 170 (1919); J. Chcm. Soc. 118, ii, 135 (1920). Bsti- 

mation of tyrosine by means of Millon’s reaction. . , t tj- i 

IlANKE, M. T. and Koessler, K. K., Broc. Am. Soc. Biol. Chcm. J. Biol. 
Chem. 41, xliN (1920); C. A. 14, 3690 (1920). Quant.lativc colorimetric 
determination o( tyrosine and tyramine (/-hydroxyphenylethylamme) and 
other phenols. Use ^-phcnyldiazonium sulfonate. N.aOH and hydroxyUmmt 

Goktner, R. a. and Holm, G. E., J. Am. Chcm. Soc. 42, 1678 (1920); ^ 

Soc. 118, ii, 643 (1920); C. A. 14, 2808 (1920); J. Soc. them. Ind. 39, 670A 
(1920). The colorimetric estimation of tyrosine hy Ihe method of 1-olm and 
Denis. Tyrosine cannot be estimated quantitatively m the produe^ of 
protein hydrolysis by me.ins of the phenol reagent of I'o m an 
tophane, indole and its derivatives, ami ferrous salts produce colors with the 

ThTmaTp., Bull. soc. chim. biol. 3, 197 (1921); J. Chem. Soc. 120, ii, 607 

h92lV C A 16 2339 (1921). The colorimetric estimation of tyrosine and 
p uses method of FoHn and De^ys 

it is untrustworthy, due to action of other substances such as tryptophane, 

Ht7!Std‘LsSLER. K. k!, j. Biol. Chcm. 60, 235 (m2^ A nnao- 
chemical colorimetric method for estimating tyrosme, tyramine and 
phenols. 
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Folin, 0. and Looney, J. M., J. Biol. Chem. 61, 421 (1922); C. A. 16, 1790 
(1922). Colorimetric methods for the separate determination of tyrosine 
tryptophane, and cystine in proteins. 

Thomas, P., Ann. inst. Pasteur 36, 253 (1922); Ber. ges. Physiol, exptl. Phar- 
makol. 13, 376 (1922). Estimation of tyrosine and phenol index of proteins. 

Hunter, A. and Borsook, H., J. Biol. Chem. 67, 507 (1923). Nitrogen dis- 
tribution in globin. Tryptophane and tyrosine by the Folin-Looney method. 

Haas, G. and Trautmann, W., Z. physiol. Chem. 127, 52 (1923); J. Chem. Soc. 
124, ii, 443 (1923). The Folin-Denis phenol reagent gives higher values than 
Millon’s reagent, probably due to the phenol reagent reacting with substances 
other than tyrosine. 

Koessler, K. IC. and Hanke, M. T., J. Biol. Chem. 69, 803, 835 (1924;. 

Furth, 0., Biochem. Z. 146, 268 (1924). Uses the Folin and Looney method. 

Sumner, J. B. and Graham, V. A., J. Biol. Chem. 64, 257 (1925). The globu- 
lins of the Jack bean (canavalia ensiformis). II. The content of cystine, 
tyrosine and tryptophane. Used methods of Folin and Looney. 

Jones, D. B., Moeller, 0. and Gersdoff, C. E. F., J. Biol. Chem. 66, 59 (192.S). 
The nitrogen distribution and percentages of some amino-acids in the muscle 
of the shrimp, Peneus Setiferus (L). Cystine and tyrosine by the methods 
of Folin and Looney. 

Hanke, M. T., J. Biol. Chem. 66, 475 (1925). The quantitative estimation of 
tyrosine and histidine in protein. A method for estimating tyramiiic in 
protein-containing mixtures. 

Hanke, M. T., J. Biol. Chem. 66, 489 (1925). The histidine and tyrosine con- 
tent of a number of proteins. Determination on a number of proteins by t he 
method reported in J. Biol. Chem. 66, 475 (1925). 

Looney, J. M., J. Biol. Chem. 69, 519 (1926). The colorimetric estimation of 
tyrosine, tryptophane, and cystine in proteins. 

Uranium. 

Bruttini, a., Gazz. chim. ital. 23, i, 251; J. Chem. Soc. 64, ii, 555 (1893). 
Colorimetric estimation of small quantities of uranium in minerals. 

MPller, Chem.-Ztg. 43, 739 (1919); J. Chem. Soc. 118, ii, 60 (1920); Chimie 
& industrie 4, 624 (1920); Chem. News 122, 83 (1921); J. Soc. Chem. Ind. 
39, 47A (1920). Colorimetric method for the estimation of small quantities 
of uranium. Uses Na salicylate. Red color obtained. 

Urea. 

Haskins, H. D., J. Biol. Chem. 2, 243 (1906-7). Preliminary communication 
of a method for estimating urea. Modification of the Morner-Folin method. 
CLMorner, Skand. Arch. Physiol. 14, 301 (1903). 

Howe, P. E. and Hawk, P. B., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 4, 
X (1908). Comparative tests of Spiro’s and Folin’s methods for the deter- 
mination of amrnonia and urea. * 

Taylor, A. E., J. Biol. Chem. 9, 25 (1911). On the estimation of urea. Dis 
cusses Folin’s method and first method of Benedict. 
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Erdmann, C. C., J. Biol. Chem. 9, 85 (1911). On the determination of alkyl- 
amines obtained from urine after Kjeldahl digestion. Determinations of 
creatinine, urea and uric acid were carried out according to Folin. 

Folin 0., Farmer, C., Macallum, A. B. and Pettibone, C. V. J., Proc. Am. 
Soc. Biol. Chem., J. Biol. Chem. 9, ix (1911). Some new technique for the 
determination of total nitrogen, ammonia and urea in urine. Use Nessler’s 
reagent. 

Folin 0., J. Biol. Chem. 11, 507 (1912). On the determination of urea in 
urine. 

Folin, 0. and Denis, W., J. Biol. Chem. 11, 527 (1912). New methods for 
the determination of total non-protein nitrogen, urea and ammonia in blood. 

Denis, W., J. Biol. Chem. 13, 225 (1912-13). Metabolism studies on cold- 
blooded animals. I. The urine of the fish. Determination of total nitrogen 
by the method of Folin and Farmer; urea by the KAc method of Folin; am- 
monia and uric acid by the method of Folin and Macallum. 

Bock, J. C., J. Biol. Chem. 14, 295 (1913). Note on Folin’s microchemical 
method for the determination of urea. Claims colorimetric determination of 
urea nitrogen is more accurate than titration. 

Van Slyke, D. D. and Meyer, G. M., J. Biol. Chem. 16, 213 (1913-14). De- 
termine urea by Folin’s method [J. Biol. Chem. 11, 507 (1912)]. 

Fiske, C. H. and Karsner, H. T., J. Biol. Chem. 16, 399 (1913-14). Deter- 
mine total non-protein nitrogen, urea and ammonia by methods of Folin and 

KmstTller, L., Chem. Zentr. 1914, ii, 1288; Z. exptl. Path. Therap. 16, 496 
(1914); J. Chem. Soc. 108, ii, 599 (1915); C. A. 9, 636 (1915). Estimation 
• of urea in small quantities of blood. 0.1 cc. blood serum is treated with 1 cc. 
water and 0.4 cc. of a 1 per cent sojaurease solution; the urea is thus con- 
verted into ammonia in 30 min. Solution then diluted and the ammonia 


estimated with Nessler’s reagent. tt 

Marshall, E. K., Jr. and Davis. D. M., J. Biol. Chem. 18 53 (19U). Urea: 
Its distribution in and elimination from the bo<iy. urea as m J. 

Biol. Chem. 11, 527 (1912) and ihii., 14, 283 (1913); . 

Fiske, C. H. and Sumner, J. B., J. Biol., Chem. 18, 285 ’“*>• 
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Foun, 0. and Denis, W., J. Biol. Chem. 26, 501, . , ..g, 

Sumner, J. B., with the assistance of A. Bodansky, J. Biol Chem. 38, 57 (1919). 

A rapid method lor the estimation of urea in urine. N“sleri^^ 

Folin 0 and Wu, H., J. Biol. Chem. 38, 81 (1919). A system o btod analyse. 
Foun! 0. andlUonuRO, G. E., J. Biol. Chem. 38, 111 (1919). Note on the 
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blood. 
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Kleiner, I. S., Proc. Am. Soc. Biol. Chem., J. Biol. Chem. 60, 1 (1922). A 
micro method for the determination of urea in blood. 
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(1924); C. A. 18, 2353 (1924). Compares method of Naka.shima and 
Maruoka with the urease methods of Van Slyke and Cullen and of Bahlmann. 
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Harding, V. J., Allin, K. D. and Van Wyck, 11. B., J. Biol. Chem. 62, 61 
(1924-25). The influence of sodium chloride upon the level of blood uric 
acid. Urea by the Van Slyke-Cullen method. 
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urine and blood colorimetrically. An extension of Orr’s method [Biochem. J. 
18, 806 (1924)] for the estimation of ammonia to the estimation of urea in 
blood and urine. 

Wearn, j. T. and Richards, A. N., J. Biol. Chem. 66, 275 (1925). Quantita- 
tive estimation of minute amounts of urea. Ncsslerize hydrolyzed mixture. 

Morgan, A. F. and Osburn, D. F., J. Biol. Chem. 66, 573 (1925). The effect 
of vitamin A deficiency upon the character of nitrogen metabolism. Urea by 
Youngburg’s modification of the Van Slyke and Cullen method. 

Hawk, P. B, and Bergeim, 0., Practical Physiological Chemistry, 9 ed., P. Blak- 
iston’s Son & Co., Philadelphia, 1926, Determination of urea in blood, 
pp, 370-375; in urine, p. 722. 

Urease. 

Myers, V. C. and Fine, M. S., J. Biol? Chem. 20, 391 (1915). 

Greene, C. H., J. Biol. Chem. 39, 457 (1919). 

Uric Acid. 

Erdmann, C. C., J. Biol. Chem. 9, 85 (1911). On the determination of alkyl- 
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amines obtained from urine after Kjeldahl digestion. Determinations of 
creatinine, urea and unc acid were cirried out according to Folin 
FOLIN, 0. and Macallum, A. B., J. Biol. Chem. 11, 265 (1912). On the blue 
color reaction of phosphotungstic acid (?) with uric acid and other substances. 
Preliminary paper. 

foLiN, 0. and Denis, W., J. Biol. Chem. 12, 239 (1912). On phospholungslic- 
phosphomolybdic compounds as color rcagenls. Concerning uric acid deter- 
mination. 

Rieglek, E., Z. anal. Chem. 61, 466 (1912); J. Chem. Soc. 102, ii, 700 (1912). 
Colorimetric estimation of uric acid in urine. Uses phosphomolybdic acid 
and Na 2 HP 04 . Blue color formed. 

Denis, W., J. Biol. Chem. 13, 225 (1912-13). Metabolism studies on cold- 
blooded animals. The urine of the fish. Determination of total nitrogen 
by the method of Folin and Farmer; urea by the KAc method of Folin; 
ammonia and uric acid by the method of F'olin and Macallum. 

Folin, 0. and Macallum, A. B., Jr., J. Biol. Chem. 13, 363 (1913); cf. Folin 
and Denis, ibid. 12, 239 (1912). A new method for the colorimetric deter- 
mination of uric acid in urine. Use phosphotungstic acid. 

Folin, 0. and Denis, W., J. Biol. Chem. 13, 469 (1912-13). Use a phospho- 
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Benedict, S. R., J. Biol. Chem. 20, 633 (1915). Studies in uric acid metab- 



710 


BIBLIOGRAPHY 


olism. 1. On the uric acid in ox and chicken blood. Tries out the Folin- 
Denis method. 
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application to the analysis of uric acid and phenol. 

Gettler, a. 0. and Baker, W., J. Biol. Chem, 26, 211 (1916). Chemical and 
physical analysis of blood in thirty normal cases, 

Anderson, R. J. and Bosworth, A. W., J. Biol. Chem. 26, 399 (1916). Deter- 
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tungstic acid method. 
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Pucker, G. W., J. Biol. Chem. 62, 317 (1922). Examination of the vanables 

in the Folin and Wu uric acid method. • j ti a 

Pucker, G. W., J. Biol. Chem. 62, 329 (1922). Studies on unc acid. II. A 

modification of the FoUn and Wu method for uric acid. Combines sodium 


sulfide, cyanide and carbonate. 
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Benedict, S. R. and Franks, E., J. Biol Chem. 62, 387 (1922). Direct cstl 
mation of uric acid in urine. Use NaCN and arsenophosphotungstic acid 
reagent. 

Jackson, H., Jr. and Palmer, W. W., J. Biol. Chem. 63, 373 (1922). A note on 
the determination of uric acid. Preparation of reagent. 

Folin, 0., J. Biol. Chem. 64, 153 (1922). A system of blood analysis. Sup- 
plement IV. A revision of the method for determining uric acid. 

Benedict, S. R., J. Biol. Chem. 64, 233 (1922). The determination of uric 
acid. Discusses Folin’s article in J. Biol. Chem. 64, 153 (1922). 

Harpuder, K. and Moud, R., Z. ges. exptl. Med. 27, 54 (1922); Bcr. ges. 
Physiol, exptl. Pharmakol. 13, 455 (1922). The usefulness of colorimetric 
methods for the determination of uric acid in blood. A study of errors. 

Denis, W., J. Biol. Chem. 64, 093 (1922), The non-protein organic constitu- 
ents in the blood of marine fish. Non-protein nitrogen, urea, creatinine and 
glucose by Folin-Wu method, uric acid by Benedict’s, etc, 

Guillaumin, C. 0., Compt. rend. soc. biol. 86, 194 (1922); from Chem. Zcnlr. 
1922, iv. 111; J. Chem. Soc. 122, ii, 796 (1922). Estimation of uric acid and 
urates in blood. Uses the Folin and Denis phosphotungstic acid reagent. 
Brown, H. and Raiziss, G. W., J. Lab. Clin. Med. 8, 129 (1922-23). The 
estimation of uric acid in blood. Reviews and discusses brietly several 
methods and experimentally compares the methods of Folin and Wu, and 
Benedict. 

Hubbard, R. S. and Finner, (Miss) L. L., J. Lab. Clin. Med. 8, 605 (1922-23). 

The determination of uric acid in blood by the method of Folin and Wu. 
Harpuder, K., Z. ges. exptl. Med. 32, 378 (1923); J. Chem. Soc. 126, ii, 15 
(1924). Determination of uric acid in blood-serum and tissue extracts. 
Uses phosphotungstic acid. 

Hadkn, R. L., j. Biol. Chem. 88, 469 (1923). A modification of the Folin-Wii 
method for making protein-free blood fdtrates. Uric acid by Benedict 
method, etc. 

Rogers, II., J. Biol. Chem. 66, 325 (1923). Exposure to light a.s a source of 
error in estimating uric acid by the Folin and Wu method. 

Lewis, H. B. and Corley, R. C., J. Biol. Chem. 66, 373 (1923). Uric acid by 
Benedict’s method. 

Rakestraw, N. W., with the assistance of C. V. Bailey and Y. D. Hahn, 
J. Biol. Chem. 66, 121 (1923). Uric acid by the Benedict and Morris- 
Macleod methods. 

Sander, F. V„ J. Biol. Chem. 68, 1 (1923-24). The preservation of blood for 
chemical analysis. Folin and Wu system of blood analysis. Benedict’s 
method for uric acid. 

Fom, 0. and Trimble, H., J. Biol Chem. 60, 473 (1924). Improvements in 
the preparation of uric add reagent. 

Ko^ehler, a. E., j. Biol. Chem. 60, 721 (1924). Uric acid excretion. Bene- 
dict-Franke method using arsenophosphotungstic acid color reagent. 
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Updegraff, H. and Lewis, H. B., J. Biol. Chem. 61, 633 (1924). A quantita- 
tive study of some organic constituents of the saliva. Nitrogen and glucose 
by the Folin-Wu method. Uric acid by Benedict’s method. 

Ckistol, P., Bull, soc sci. mcd. Montpellier 9, 456 (1924); Physiol. Abstracts 
9, 465. Errors in colorimetric methods of estimation of uric acid and phenols 
in urine. “The following compds. react with Folin’s uric acid and phenol 
reagents: sulfides, hyposulfitcs, thiocyanates, mcrcaptans, arsenobenzene, 
etc. Therefore the uric acid must be pptd. before cstn. colorimetrically, and 
phenols cannot be accurately estd. in this way.” H. G., C. A. 19, 2216 (1925). 

Lennox, W. G. and O’Connor, (Miss) M. F., J. Lab. Clin. Mcd. 10, 99 (1924- 
25). Measurements of uric acid in blood by various methods. 

Greenwald, L, Samet, J. and Gross, J., J. Biol. Chem. 62, 397, 401 (1924-25). 

Swanson, W. W., J. Biol. Chem. 62, 565 (1924-25). The effect of sodium 
benzoate ingestion upon the composition of the blood and urine with special 
reference to the possible synthesis of glycine in the body. Uric acid by Bene- 
dict’s method. 


Delaville, M. and Jones, C. M., Bull. soc. chim. biol. 7, 785 (1925); J. Chem. 
Soc. 128, i, 1344 (1925). Determination of uric acid in blood. Studies 
method of Folin and Denis and points out that theoretical proportionality 
between dilution and depth of liquid required to give a certain intensity of 
color does not hold if solution is only slightly alkaline. 

Bulmer, F. M. R., Eagles, B. A. and Hunter, G., J. Biol. Chem. 63, 17 (1925). 
Uric acid determinations in blood. Comparison using blood from different 
animals. 

Benedict, S. R., J. Biol. Chem. 64, 215 (1925). The determination of uric acid 
in the blood. Comments on article in J. Biol. Chem. 63, 17 (1925). 


Lennox, W. G., with the assistance of M. O’Connor, J. Biol. Chem. 66, 521 
(1925). A study of the retention of uric acid during fastmg. Blood Uric 
• acid by the Folin-Wu and Benedict methods. Urine uric acid by Folin-Wu 
method. Urine total N by the Folin-Denis method. 

Morgan, A. F. and Osburn, U. F., J. Biol. Chem. 66, 573 (1925). The effect 
of vitamin A deficiency upon the character of nitrogen metabolism. Uric 
acid by the Benedict and Franke method. 

Hunter, G. and Eagles, B. A., J. Biol. Chem. 66, 623 (1925). The isolation 
from blood of a hitherto unknown substance, and its bearing on present 
methods for the estimation of uric acid. Ihrec colorimetric procedures are 
given: (1) Arscnophosphotungstic acid with NaCN. (2) Precipitation with 
silver lactate before adding of uric acid reagents, according to Folin and Wu. 
(3) Phosphotungstic acid. 

Brown, H., J. Biol. Chem. 68, 123 (1926). The determination of uric acid in 
blood. 

Hawk, P. B. and Bergeim, 0., Practical Physiological Chemistry, 9 ed., P. Blak- 
iston’s Son & Co., Philadelphia, 1926. Determination of unc acid m blood, 

pp. 377-380; in urine, pp. 736-738. 

Boivin, a., Compt. rend. soc. biol. 96, 485 (1926); C. A. 21, 2003 (1927). 
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Urine. 

Underhill, F. P. and Kapsinow, R., J. Biol. Chem. 64, 717 (1922). Urinary 
analysis by Folin’s methods. 

Friend, H., J. Biol. Chem. 67, 497 (1923); J. Chem. Soc. 126, ii, 75 (1924). 
A quantitative color reaction given by adrenaline and urine. Treats .su(- 
cessively with sulfanilic acid, HNOj, and ammonia. Red coloration 
obtained. 

Whelan, M., J. Biol. Chem. 63, 585 (1925). The effect of intravenous injec- 
tion of inorganic chlorides on the composition of blood and urine. 

Read, B. E., J. Biol. Chem. 64, 615 (1925). Chemical constituents of 
camel’s urine. 

Wilson, D. W., Long, W. L., Thompson, H. C. and Thurlow, S., J. Biol. 
Chem. 66 , 755 (1925). Changes in the composition of the urine after muscular 
exercise. 

Urochromc. 

Pelkan, K. F., j. Biol. Chem. 43, 237 (1920). Relation of urochrome to the 
protein of the diet. 

Vanadium. 

Wagner, R., Dingler’s Polytech. J. 223, 631 (1877), Made a study of a scries 
of color reactions of several organic substances with vanadium. 

Levy, L., Compt. rend. 103, 1074, 1195; see also J. Anal. Chem. 1, 201 (1887). 
Colored reactions of the rare mineral acids. Titanic, niobic, tantalic, stannic, 
arsenic, vanadic, bismuth oxide. Reagents used were either phenols or 
allied substances. 

Klecki, V. V., Z. anorg. Chem. 6 , 374; J. Chem. Soc. 66 , ii, 162 (1894). Colori- 
metric estimation of small quantities of vanadium in the presence of large 
quantities of iron. Uses dextrose. Gives blue to green color to V-H2SO4 
solutions depending upon strength of acid. With 10 per cent acid gets pale 
green coloration which varies approximately with the V content. Fe gives 
no color. Klecki tried many substances which give color reactions with V 
and not Fe but dextrose is the only one that is any good, the tint and degree 
of color depend so much upon dilution, temperature, etc. Method only 
approximate. May have 8 per cent error or more. 

Kundrat, F., Z. anal. Chem. 28, 709 (1899). Studied various color reactions 
of V. 

Maillard, L., Bull. soc. chim. 23, 559 (1900); J. Chem. Soc. 78, ii, 577 (1900); 
J. Soc. Chem. Ind. 19, 777 (1900). Uses HiO*. V in HCl solution. 

Heike, W., Chem.-Ztg. Rep. 29, 392 (1905); Analyst 31, 88 (1906). Estima- 
tion of Vanadium, Compares four methods. H 2 O 2 the one colorimetric 
method tried, 

Gregory, A. W., Chem. News 100 , 221 (1909); C. A. 4, 287 (1910); Brief note 
in Proc. Chem. Soc, 26, 232 (1909); J. Soc. Chem. Ind. 28, 1202 (1909); 
Z. anal. Chem. 61, 249 (1912). A colorimetric method for the estimation of 
small quantities of vanadium, “With strychnine in H 2 SO 4 solution, V com- 
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j)ounds in the higher form of oxidation (V-iOs) give a violet coloration which 
gradually changes to orange.” A delicate test for V, which is not interfered 
with by n, Mo, W, or Al, but if Fc is present it must be removed by fusion 
with NaaCOs. In a test analysis, a solution containing 0.0056 g. V in a mix- 
ture with Mo, W, and Fe, gave 0.0055 g. V. 

Slawik, P., Chem.-Ztg. 34, 648; C. A. 4, 3177 (1910); Z. anal. Chem. 61, 256 
(1912). Rapid methods for the detection and colorimetric determination 
of vanadium in steel. Uses on an acid solution of V. Pervanadic 
acid is formed, accompanied by an intense red-brown color. Adds HA’O, 
to both standard and sample solutions to repress color of Fe'^ + + and W. 
Carbon oxidized by (NHi)2S208. 

McCabe, C. R., Chem. Eng. 13, 243; C. A. 6, 3022 (1911); Chem. News 104, 
194, 202 (1911); J. Soc. Chem. Ind. 30, 1316 (1911). A colorimetric method 
for the determination of vanadium in iron and steel. Details of MeC.’s 
original method. 

McCabe, C. R., J. Ind. Eng. Chem. 6, 736 (1913); C. A. 7, 3581 (1913). Vana- 
dium in steel by the hydrogen peroxide color method. A modification of 
MeC.’s original method. 

Mellor, j. W., Trans. Ceram. Soc. England 12, 33 (1913); J. Chem. Soc. 104, 
ii, 627 (1913); J. Soc. Chem. Ind. 32, 510 (1913). The simultaneous estima- 
tion of small quantities of titanium and vanadium, colorimetrically. Uses 
H2O2 in a special way. 

Wright, C. W., Chem. News 108, 248 (1913). Rapid estimation of manganese, 
vanadium and titanium in the presence of one another in pig iron and steel. 
Uses a volumetric method for Mn and H2O2 colorimetric methods for V 
and Ti. 

McCabe, C. R., J. Ind. Eng. Chem. 6, 960 (1914); C. A. 9, 39 (1915). Note on 
colorimetric method for vanadium. Gives means of avoiding difficulties in 
his method described in J. Ind. Eng. Chem. 6, 736 (1913). 

Meaurio, V. L., Anales soc. qufm. Argentina 6, 185 (1917); J. Chem. Soc. 114, 
ii, 135 (1918); Ann. chim. anal. chim. appl. 23, 47 (1918); Analyst 43, 179 
(1918). Detection of small quantities of vanadium in water. Uses diphenyl- 
amine in the presence of HCl. Violet color produced. Unaffected by ni- 
trates, iron, and titanates. Will detect 0.0002 per cent V in 1 cc. of water. 

Kleinmann, H., Biochem. Z. 99, 42 (1919). Studies the influence of NH4CI, 
NaCl, HCl and H2SO4 on the colorimetry of P, Mo, and V compounds. 

Snell, I)., Colorimetric Analysis, p. 97, D. Van Nostrand Co., New York, 
1921. Determination of vanadium by H2O2. 

Sn’F.ll, F. D., Colorimetric Analysis, p. 100, D. Van Nostrand Co., New York, 
1921. Determination of vanadium by strychnine. 

IvROPF, A., Z. angew, Chem. 36, 366 (1922); C. A. 16, 3604 (1922), J. Chem. 
Soc. 122, ii, 590 (1922); J. Soc. Chem. Ind. 41, 594A (1922). The colori- 
metric determination of vanadium iu steel. Uses Hj02 on acid solution of 

V. Housed to repress color due to Fe++^ and W. Carbon removed by 

oxidation with (NH4)2S208. If Ni or Cr in sample, same amounts of them are 
added to the standard. 
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Misson, G., Bull. soc. chim. Belg. 31, 123 (1922); J. Chem. Soc. 122, ii, 45 () 
(1922); Analyst 47, 321 (1922). Detection and estimation of vanadium in 
steels. Uses NajOa in dilute HNOj. 

Vanillin. 

Moerk, F., Am. J. Pharm. 63, 521 (1891). Uses a ferrous salt and oxidizes it 
with bromine water. This method will detect 1 part of vanillin in 100,000 
instead of 1 part in 2,000 when FeCL is used. 

Mobrk, F., Am. J. Pharm. 63, 572 (1891); J. Soc. Chem. Ind. 11 , 637 (1892); 
cf. U. S. Dept. Agr. Bur. Chem. Bull. 107, p. 157. Colorimetric estimation 
of vanillin in vanilla extracts. Uses a ferrous salt and oxidizes it with bromine 
water. 

Dieterich, K., Z. anal. Chem. 37, 453 (1898). 

Hubbard, W. S., J. Ind. Eng. Chem. 4, 669 (1912); J. Chem. Soc. 104, ii, 448 
(1913). Difficulties in the colorimetric estimation of vanillin. Points out 
various disadvantages in the Br-water and FeSO* method. 

Folin, 0. and Denis, W., J. Ind. Eng. Chem. 4, 670 (1912). A new colori- 
metric method for the determination of vanillin in flavoring extracts. Use 
phosphotungstic-phosphomolybdic reagent. 

Harder, 0. E., J. Ind. Eng. Chem. 6 , 619 (1913). Use method of Folin and 
Denis and find it satisfactory. 

Fellenberg, T. von, Chem. Zentr. 1916, ii, 391; from Mitt. Lebensm. Hyg. 
6 , 267 (1915); J. Chem. Soc. 110 , ii, 355 (1916). Colorimetric estimation 
of vanillin in vanilla. Uses isobutyl alcohol and concentrated H 2 SO 4 . 

Arny, H. V. and Ring, C. H., J. Ind. Eng. Chem. 8 , 309 (1916); C. A. 10 , 
1146 (1916); see also Proc. 8 th Intern. Cong. Appl. Chem. 26, 319; cf. Arny 
and Pickhardt, Drug. Circ. 58, 131 (1914) and J. Franklin Inst. Aug. 1916. 
Use colored solutions of CoCl 2 ' 6 H 20 , FeCl 6 - 6 H 20 , CuS 04 'SH 20 to prepare 
standard color solutions. Determine vanillin by method in Bull. 107, Bur. 
Chem., U. S. Dept. Agr. and also Folin and Denis method, J. Ind. Eng. Chem. 
4, 670 (1912). 

Estes, C., J. Ind. Eng. Chem. 9, 142 (1917); J. Chem. Soc. 112 , ii, 343 (1917). 
New qualitative test and colorimetric method for the estimation of vanillin. 
Uses an acid-Hg(N08)* reagent. Produces a violet-red color. 

Water. 

Richards, (Miss) E. H. and Ellms, J. W., J. Am. Chem. Soc. 18, 68 (1896). 
The coloring matter of natural waters. 

Trillat, a., Compt. rend. 162, 486 (1916); J. Chem. Soc. 110 , ii, 269 (1916). 
A colorimetric method used by the Romans to characterize soft waters. 
The method of the Greeks and Romans (compare Hippocrates, “Traite ties 
Airs, des Eaux et des Lieux,” Chapter 36) for detecting the presence of alkalis 
in natural waters by the decoloratioi;i of red wine can be made to give an 
approximate measure of the hardness of different waters. The degree of 
hardness is indicated by the number of drops of red wine required to produce 
a coloration in the water as compared against a standard water. 



BIBLIOGRAPHY 


717 


Stephandies, M., Compt. rend. 162, 962 (1916). A colorimetric method used 
by the Romans to characterize soft waters. Claims priority over Trillat 

Snell, F. D., Colorimetric Analysis, p. 144, D. Van Nostrand Co., New York, 
1921. Determination of the color of water. 

KOLTHOFF, I. M., Pharm. Weekblad 60, 227 (1923); C. A. 17, 1774 (1923); 
J. Chem. Soc. 124, ii, 248 (1923). Colorimetric determination of the water 
content of absolute alcohol. Based upon the fact that the sensitivity of azo 
indicators, e.g., M. 0., to acid diminishes with increasing the EtOli concen- 
tration cf the medium. 

Standard Methods for the Examination of Water and Sewage, 6 ed., p. 8, 
American Public Health Association, New York, 1926. 

W cod Fiber. 

Valenta, E., Chcm.-Ztg. 42, 503 (1904) ; Analyst 29, 289 (1904). A colorimet- 
ric method for the determination of wood fiber in paper. 


Xanthophyll. 

Palmer, L. S., J. Biol. Chem. 23, 261 (1915). Xanthophyll, the principal 
natural yellow pigment of the egg yolk, body fat, and blood serum of the 
hen. The physiological relation of the pigment to the xanthophyll of plants. 


Zinc, 

Cooper, A. J., J. Soc. Chem. Ind. 6, 84 (1886). Note on the detection of metals 
in drinking water. Gives a table showing the delicacy of the following tests: 
K4Fc(CN)6, NH.;OH, and H2S tests for Cu; (NUd-S lest for Zn; IGS test 
for As; K-CrO* and HjS tests for Pb. 

Campo y Cei'.dan, a del, Ann. chim. anal. appl. 14, 205; C. A. 3, 2785 (1909). 
NH4HO added till Zn(OH)2 redissolves, then add I cc. of an alcohol or ethereal 
solution of resorcinol. A blue color appears whose depth depends uiwn the 
concentration of Zn. Sensitive to 1 part in 100,000. Ca gives a green 

color, Ni a blue, and Co a red. Hence, these metals must be removed. 

Campo y Cerdan, A del, Anales soc.cspan. fis. quim. 7, 63 (1909) ; J. Chem. Soc. 
96, ii, 439 (1909). Color test for zinc salts. States that 0.005 mg. of Zn m 1 cc. 
may be detected by the blue coloration produced on addition of ammonia 
and resorcinol. About 1 hr. required for color to develop at this low con- 
centration. Cd salts produce a green color with resorcinol and Cu salts a 

black precipitate. „ 

Winkler, L. W., Z. angew. Chem. 26, 38 (1913); J. Chem. Soc. IM, n, 246 
(1913); J. Soc. Chem. Ind. 32, 1.S7 (1913). Detection and colonmelric 
estimation of lead, copper, and zinc in potable water. Lses a2 o , 

K4Fe(CN) 8 and KHCOs for Cu; and a turbidity method for Zn. 

CoMPO Y Cerdan, A del, and df. la Pue.nte, J., Anales soc. ^pafi. fis. qulm. 
11 98 (1913)- C A 7, 3291 (1913). Colorimetric determination ft traces 
of ’zinc. Zn gives blue color with NH,OH and resorcinol. Limits of con- 
centrated 0.0,1 g. to 0.00018 g. Zn per cubic centimeter 
for concentrations of Zn 0.1 to 3.2 mg. per 100 cc., varied from 0.06 to 6 6 
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per cent. Solution is altered by air and must be protected with liquid par- 
affin until ready for examination. 

Meldrum, R., Chem. News 116, 271, 295, 308 (1917). The identification and 
estimation of zinc in water. Uses (NH,) 2 S and K 4 FC (CN)6 methods. 

Birckner, V., J. Biol. Chem. 38, 191 (1919). The zinc content of some food 
products. Turbidimetric estimation of pot. zinc ferrocyanide. 

Bodansky, M., J. Biol. Chem. 44, 399 (1920). Biochemical studies on marine 
organisms. II. The occurrence of zinc. Turbidimetric. 

Bodansky, M., J. Ind. Eng. Chem. 13, 696 (1921); C. A. 16, 3428 (1921); 
Analyst 46, 518 (1921); J. Soc. Chem. Ind. 40, 829A (1921). The detcrmina 
tion of small quantities of zinc. Uses K 4 Fc(CN) 6 . A turbidimetric met hod, 

Snell, F. D., Colorimetric Analysis, p. 81, D. Van Nostrand Co., New York, 
1921. Determination of zinc by resorcinol. 

Jarvinen, K-. K., Z. Nahr. Genussm. 46, 183 (1923); J. Chem. Soc. 124, ii, 
655 (1923). Colorimetric estimation of small quantities of metals in food 
stuffs and the preliminary destruction of the organic matter. Details for the 
destruction of the organic matter are given and for the estimation of Sn and 
Pb in the presence of one another, Cu and Zn in the presence of one another, 
Al,Ni,As,andSb. Uses H^S or Na-^S. 

Lutz, R. E., J. Ind. Hyg. 7, 273 (1925); C. A. 19, 2614 (1925). Determinalion 
of a small amount of zinc in organic materials. Uses urobilin. 0.1 0.5 nig. 
Zn can be determined with an accuracy of 10 per cent. 

Scott, W. W., Standard Methods of Chemical Analysis, 4 cd., p. 607, J). Win 
Nostrand Co., New York, 1925. A turbidity method. The Zn is precipitated 
as ZnS, the latter dissolved in HCl and ferrocyanide added. The suspension 
thus formed is compared with a standard. 



PART VI 


Tables 


ANALYSES OF CHEMICAL GLASSWARE ^ 

The marks on both beakers and flasks were identical in the case of 
all the wares examined except Jena, in which an “N ” appeared below 
the main body of the trade mark on the flasks but did not appear on 
the beakers. Therefore, with the Jena ware analyses were made of 
both beakers and flasks, but with the other wares the flasks were not 
analyzed. It is evident from the results that there is no difference in 
composition between the Jena beakers and flasks. T able XLIV shows 
the analyses of the wares tested by the Bureau of Standards. 


TWMK XLIV 


Ware 

Kavalier 

beaker 

M. E. (1. 
Co. 

beaker 

AbOs 

0. 14 

1.0 

Le'A 

0.08 

0.55 

ZnO 


5.6 

f'hO 



MnO 

0,02 

0.02 

CaO 

8.7 

0,66 

MgO 

0.17 

4.3 

Na^O 

'7.1 

10.8 

K,0 

7.9 

0.30 

SiOj 

75.9 

73.0 

ii 203 


3.6 

LA 

0,08 


SO;i 

0.20 

0.02 

Af^A 

Trace 

0.02 

SbaOa 


0.60 

I'otal 

100.29 

100.27 


Pyrex 

beaker 

1 

Jena 

beaker 

2,0 

4.2 

0.25 

0.25 


10.9 

0.01 

0.01 

0.29 

0.63 

0.06 

0.21 

4.4 

7.5 

0.20 

0.37 

80.5 

64.7 

11.8 

10.6 

0.70 

0.14 

100.21 

99.81 


Jena 

flask 

Nonsol 

beaker 

Ery 

beaker 

Libbey 

beaker 

4,2 

2.5 

2.7 

2.1 

0.27 

0.23 

0 . 22 

0.44 

10.9 

7.8 

3,6 

1,0 

0.01 

0.01 

0.03 

0.03 

0.56 

0 79 

2.6 

0.42 

0.25 

3.4 

I 2.6 

0.08 

7.8 

10.9 

9.8 

8.2 

0.31 

0.30 

1.5 

0.67 

64.7 

67.3 

68.6 

75.9 

10.6 

6.2 

8.1 

10.8 

0.19 

I'race 

0.62 

0.18 

0.36 

99.79 

100.05 

99.93 

100.00 


" Selenium and fluorine were not found, but lithium was detected 
spectroscopically by Paul W. Merrill in all t e samp es. 

> P. H. Walker and F. W. Smither. Bur. Standards Tech. Papers No. 107 (1918). 
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TABLES 


GENERAL SUMMARY OF TESTS ON CHEMICAL GLASSWARE ‘ 
Table XLV gives a general summary of the resistance to various 
solutions and to mechanical and heat shock of chemical glassware 
tested by the Bureau of Standards. In this table the numeric;,! 
exponents indicate the minor differences in resistance, the lowest 
number being the most resistant. The absence of an exponent indi- 
cates that the differences in resistance are too small to justify any 
differentiation between the wares graded in the same group. In the 
rating of resistance to caustic alkalis boiling tests only have been 
considered. 


TABLE XLV 


Ware 



Resistance to 



Water 

Mineral 

acids 

Carbon- 

ated 

alkalies 

Caustic 

alkalies 

Ammonia 
and am- 
monium 
salts 

Heat 

shock 

Mechan- 

ical 

shock 

Kavalier 

Poor 

Good 

Poor 

Good* 

Good* 

Poor 

Poor 

M. E. G. Co 

Good* 

Good 

Good* 

Good* 

Good 

Poor 

l^oor 

Pyrex 

Good* 

Good 

Good* 

Fair 

Good 

Good* 

Good * 

Jena 

Good* 

Good 

Good* 

Fair 

Good 

Good* 

Fair 

Nonsol 

Good* 

Good 

Good* 

Fair 

Good 

Good* 

Fair 

Fry 

Good* 

Good 

Good* 

I'air 

(iood 

Poor 

Good 

Libbey 

Good* 

Good 

Good* 

I'air 

Good 

Good* 

Good 


* Far superior to any of the other warej. 


Table XLVL— Data on the Strength of Aqueous Solutions of Some 
Common Acids and Ammonia 


Substance 

sp. gr. 

15.5° C. 

Per Cent by Wt. 

Normal 

Molar 

Ammonium hydroxide 

0.90 

28.5 NHj 

15.1 

15.1 

Ammonium hydroxide 

0.957 

10.7 NH, 

6 

6 

Hydrochloric acid 

1.19 

37.23 HCl 

12 

12 

Hydrochloric acid 

1.10 

20.0 HCl 

6 

6 

Nitric Acid 

1.42 

69.96 HNO, 

15.8 i 

15.8 

Nitric acid 

1.20 

32.2 HNO 3 

6 

6 

Sulfuric acid 

1.84 

95.6 HiS04 

36 

18 

Sulfuric acid 

1.19 

'26.0 H 2 SO 4 

6 

3 

Phosphoric acid ; 

1.809* 

93.67 H 3 PO 4 

5.2 

1.7 


♦At 17.S®C. 

‘ P. H. Walker and F. W. Smither, Bur. Standards Tech. Papers No. 107 (1918), 
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T L- YVTI —Solubility of Some Gases in Water, Grams per Liter of 

1 ABLU. 

Solvent 


When Partial Pressure of the Gas + Vapor Pressure of the Liquid = 760 mm. 
at the Respective Temperatures 


'r. 

Oxygen* 

Chlorinct 

Carbon 

Dioxidet 

Hydrogen 
Sulfide § 

Sulfur 
Dioxide \\ 

0 

0.0695 


3.347 

7.066 

228.3 

10 

.0537 

9.972 

2.319 

5.112 

162.1 

20 

.0434 

7.293 

1.689 

3.846 

112.9 

30 

.0359 

5.723 

1.259 

2.983 

78.1 

40 

.0308 

4.590 

0.974 

2.361 

54.1 

50 

.0266 

3.925 

0.762 

1.883 


60 

.0227 

*3.295 

0.577 

1.480 


70 

.0186 

2.793 


1.101 


80 

.0138 

2.227 


0.765 


90 

.0079 

1.270 


0.410 


100 

.0000 

1 

0.000 


0.000 



(From H. A. Falcs, Inorganic Chemical Analysis, The Century Co., New York, 1925. 


» L. W. Winkler, Ber. 22 , 1772 (1889). 

t L. W. Winkler, Math. 6s Termeszettudominyi Ertcsitc. ae, tiviwj. 


\ C. Bohr, Wied. Ann. 68 , 504 (1899). 

§ L. W. Winkler, Math. 6s Termeszettudomdnyi 
II F. Schdnfcld. Liebig's Ann. 95, I (1855). 


Ertesito, 25 , 86 (1907). 


Tabi-k Xl.VUl.-('«>iVERSi0N Table of Units or Liquid Capacity 


_ 

— — — 

■ ■ — ■— , 

Fluid 

Ounces 

Unit 

Cubic 

Inches 

Pounds of 
Wa'.er 

At 16.7^^ 

u. s. 

Gallons 

} 

Imp. 

Gallons 

0.83 

1.00 

0.22 

0.006 

Li^c:s 

1 U. S. Gallon = 

1 Imp. Gallon = 

1 Liter = 

1 1'luid Ounce = 

231.00 

277.27 

61.03 

1.80 

8.335 

10.000 

2.200 

0.065 

1.000 

1 . 200 

0.264 

0.008 

3.785 

4.543 

1.0 

0.029 

128.0 

160.0 

33.8 

1.0 


(From H. A, Falts, Inorganic Chemical Analysis, Phe Ccnlury Co.. New York, 192 ) 
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Table XLIX.— International Table oe Atomic Weights of the Chemical 
Elements,* 1925 



Sym- i 
bol 

Atomic 

Number 

Atomic 

Weight 


Sym- 

bol 

Aluminum 

A1 

13 

26.97 

Molybdenum . , 

Mo 

Antimony 

Sb 

51 

121.77 

Neodymium . . . 

Nd 


A 

18 

39.91 

Neon 

Nc 



33 

74.96 

Nickel 

Ni 


Ba 

56 

137.37 


N 


Be 

4 

9.02 

Osmium 

Os 

Bismuth 

Bi 

83 

209.00 

Oxygen 

0 


B 

5 

10.82 


Pd 

Bromine 

Br 

35 

79.916 

Phosphorus. . . . 

P 


Cd 

48 

112.41 


Pt 



20 

40.07 


K 

Carbon 

C 

6 

12.000 

Praseodymium . 

Pr 

Cerium 

Cc 

58 

140.25 

Radium 

Ra 

Cesium 

Cs 

55 

132.81 


Rn 

Chlorine 

Cl 

17 

35.457 

Rhodium 

Rh 

Chromium 

Cr 

24 

52.01 

Rubidium 

Rb 

Cobalt 

Co 

27 

58.94 

Ruthenium .... 

Ru 

Columbium. . . . 

Cb 

41 

93.1 

Samarium 

Sm 

Copper 

Cu 

29 

63.57 


Sc 

Dysprosium . . . 

Dy 

66 

162.52 

Selenium 

Se 

Erbium 

Kr 

68 

167.7 

Silicon 

Si 

Europium 

Ku 

63 

152.0 

Silver 

Ag 

Fluorine 

F 

9 

19.00 

Sodium .... 

Na 

Gadolinium. . . , 

Gd 

64 

157.26 

Strontium 

Sr 

Gallium 

Ga 

31 

69.72 

Sulfur. . . . 

s 

Germanium. . . . 

Ge 

32 

72.60 

Tantalum 

I'a 

Gold 

Au 

79 

197.2 

TVllnriiim 

Te 

Helium 

He 

2 

4.00 

Terbium 

Tb 

Holmium 

Ho 

67 

163 4 

Thallium 

T1 

Hydrogen 

H 

1 

1.008 

Thorium . . . 

Th 

.Indium 

In 

49 

114.8 

^riiulium 

Tm 

Iodine 

I 

53 

126.932 

Tin 

Sn 

Iridium 

Ir 

77 

193.1 

I'itaniiim 

Ti 

Iron 

Fe 

26 

55.84 

Tungsten 

\V 

Krypton 

Kr 

36 

82.9 

Uranium 

u 

Jvanthanum. . . . 

I.a 

57 

138.90 

Vanadium 

V 

Lead 

Fb 

82 

207.20 

Xenon 

Xe 

Lithium 

Li 

3 

6.940 

Ytterl^ium 

Yb 

Lutecium 

Tai 

71 

175.0 

Yttrium 

Y 

Magnesium 

Mg 

12 

24.32 

Zinc 

Zn 

Manganese .... 

Mn 

25 

,54.93 

Zirconium 

Zr 

Mercury 

Hg 

80 

200.61 

i 



Atomic 

Number 


42 

60 

10 

28 

7 

76 

8 

46 

15 
78 
10 
59 
88 
86 
45 

37 
44 
62 
21 
34 
14 

47 
11 

38 

16 

73 
52 
65 
81 
90 

69 
50 
22 

74 
92 
23 
54 

70 

39 
30 

40 


Atomic 

Weif^ht 

96.0 

144.27 

20.2 
58.60 

14.008 
190.8 

16.000 

106.7 

31.027 

195 . 2.1 

39.096 
140.92 
225.95 
222 . 
102.91 
85.44 

101.7 
150.43 
45.10 

79.2 
28.06 
107.880 
22.997 

87.63 

32.064 

181.5 

127.5 

159.2 
204.39 
232.15 
169.4 
118.70 

48.1 
184.0 
238.17 

50.96 

130.2 

173.6 

88.9 
65.38 
91. 


* Note by the Author— Jhe table of Atomic WeiRhls Jis issued by the International Committee li.sts the 
elements alphabetically according to their symbol. In the above table the elements are arranged alphabetically 
according to their names. The table cloes not include element No. 72, Hafnium or Ccltium, atomic weiglit 
180.8. For information regarding this atomic weight, and also for more recent information regarding otlier 
atomic weights, see “ Annual Report of the Committee on Atomic Weights.” G, P. Baxter, J. Am. Chcin. 
Soc. 47 , 601 (192.5); ibid. 48 , 541 (1926); ibid. 49 , .583 (1927); ibid, 60,603 (1928). 
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LOGARITHMS OF NUMBERS 


LOGARITHMS OF NUMBERS 


J 












Proportional Parts 


Natara] 

numl 

0 

I 

2 

3 

4 

S 

6 

7 

8 

9 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0000 

0043 

0086 

0128 

0170 

0212 

0253 

0294 

0334 

0374 

4 

8 

13 

17 

21 

25 

29 

33 

37 

11 

0414 

0453 

0492 

0531 

0569 

0607 

0645 

0C82 

0719 

0755 

4 

8 

11 

IS 

19 

23 

26 

30 

34 

la 

0792 

0828 

0364 

0859 

0934 

0969 

1004 

1038 

1072 

1106 

3 

7 

10 

M 

17 

21 

24 

28 

31 

13 

1139 

1173 

1336 

1239 

1271 

1303 

1335 

1367 

1399 

1430 

3 

6 

10 

13 

16 

IS 

23 

26 

29 

14 

1461 

1492 

1523 

1553 

1584 

1614 

1644 

1673 

1703 

1732 

3 

6 

9 

12 

IS 

IS 

31 

24 

27 

IS 

1761 

1790 

1818 

1847 

187s 

190.3 

1931 

1959 

1987 

2014 

3 

6 

8 

II 

14 

17 

30 

22 

25 

l6 

3041 

306S 

2055 

2122 

2148 

2175 

2201 

2327 

22S3 

2279 

3 

5 

3 

II 

13 

16 

18 

21 

24 

17 

3304 

2330 

2355 

2380 

2405 

2430 

2455 

2480 

2504 

2529 

2 

S 

7 

10 

12 

15 

17 

20 

23 

•18 

2553 

2577 

3601 

262s 

2648 

2672 

269s 

2718 

2742 

2765 

2 

5 

7 

9 

13 

14 

16 

19 

21 

19 

3788 

2810 

2833 

2856 

2J78 

2900 

2923 

2945 

2967 

2989 

2 

4 

7 

9 

II 

13 

16 

18 

20 

SO 

3010 

3032 

3054 

3075 

3056 

3118 

3135 

3160 

3181 

3201 

2 

4 

6 

8 

II 

13 

IS 

17 

ISI 

31 

3222 

3243 

3263 

3284 

3304 

3324 

3345 

3365 

.1385 

3404 

2 

4 

6 

8 

10 

12 

14 

16 

18 

33 

3424 

3444 

3164 

3483 

3502 

3522 

3541 

3560 

3579 

3598 

2 

4 

6 

8 

10 

12 

14 

IS 

17 

33 

3617 

3636 

365s 

3674 

3652 

3711 

3729 

3747 

3766 

3784 

2 

4 

6 

7 

9 

II 

1.3 

15 

17 

34 

3802 

3820 

3838 

3856 

3374 

3892 

3909 

3927 

3945 

3962 

- 

4 

5 

7 

9 

II 

12 

14 

16 

35 

3979 

3997 

4014 

403* 

4048 

406.S 

4082 

f»99 

^5 

4 Ii 6 

1133 

2 

3 

5 

7 

f 

10 

12 

M 

IS 

36 

41S0 

4166 

4183 

4200 

421.3 

423- 

4249 

4281 

4298 

2 

3 

5 

7 

8 

10 

II 

13 

IS 

37 

4314 

4330 

4346 

4362 

4378 

4393 

4409 

4425 

■1440 

4456 

2 

3 

5 

6 

8 

9 

II 

13 

14 

38 

4472 

4487 

4502 

4518 

453.1 

4548 

4564 

4579 

4594 

4609 

2 

3 

S 

6 

8 

9 

11 

12 

14 

39 

4624 

4639 

4654 

4669 

4683 

4698 

4713 

4728 

4742 

4757 

I 

3 

4 

6 

7 

( 

10 

12 

13 

30 

4771 

4786 

48 DO 

481 : 

4825 

4843 

4857 

4871 

4886 

4900 

1 

3 

4 

6 

7 

9 

10 

11 

13 

31 

4914 

4928 

4542 

4955 

4965 

4583 

4597 

son 

5024 

5038 

I 

3 

4 

6 

7 

« 

10 

11 

12 

33 

50s I 

5065 

S075 

5092 

5105 

SIIS 

SI32 

SMS 

5159 

SI72 

I 

3 

4 

5 

7 

8| 

9 

11 

13 

33 

SI8S 

S198 

521 1 

5224 

5237 

5250 

5263 

5276 

5289 

5302 

I 

3 

4 

5 

0 

8 

9 

K. 

13 

34 

531 5 

5328 

5340 

5353 

5366 

5378 

5391 

5403 

5416 

5428 


3 

4 

5 

6 

8 

9 

1C 

11 

35 

5441 

5153 

.5465 

5173 

54:)c 

5502 

5514 

5527 

5.5.i<; 

5551 

. 

2 

4 

5 

6 

7 

9 

10 

II 

36 

5S6 j 

5575 

5587 

555. 

5611 

5623 

5635 

5647 

5658 

5670 


3 

4, 

5 

6 

7 

8 

10 

11 

37 

5682 

5694 

5705 

5717 

S73g 

574c 

5752 

5763 

5775 

5786 

I 

3 

3 

5 

6 

7 

8 

9 

10 

38 

5798 

5809 

5821 

5832 

5843 

5855 

5866 

.5877 

5888 

5899 

I 

2 

3 

5 

6 

7 

8 

9 

10 

39 

S9II 

5922 

5933 

5944 

5955 

5966 

5977 

5988 

5999 

6010 

I 

2 

3 

4 

5 

7 

8 

9 

10 

40 

6021 

6031 

604a 

6053 

6064 

607,'i 

6085 

6096 

6107 

6117 

1 

2 1 

3 

4 

5 

6 

8 

9 

10 

41 

6ia8 

61.38 

6149 

616: 

617c 

6i8c 

6191 

6201 

621 2 

6222 

I 

2 

3 

4 

5 

6 

7 

8 

9 

43 

6332 

6345 

6253 

6263 

6274 

6284 

6294 

6304 

63M 

632s 

I 

2 

3 

4 

5 

6 

7 

8 

9 

43 

6335 

634.5 

6355 

6365 

6375 

6385 

6395 

6405 

6415 

642s 

I 

2 

3 

4 

5 

6 

7 

8 

9 

44 

6435 

6444 

6454 

6464 

6474 

6484 

6493 

6503 

6513 

6522 

I 

t 

3 

4 

5 

6 

7 

8 

9 

45 

6532 

6542 

6551 

6561 

6571 

658c 

659c 

6599 

6609 

6618 

I 

2 

3 

4 

5 

6 

7 

8 

9 

46 

6638 

6637 

6646 

6656 

6665 

667s 

6684 

6693 

6702 

6712 

1 

a 

3 

4 

5 

6 

7 

7 

8 

47 

6731 

673c 

67.3s 

6749 

6758 

6767 

6776 

6785 

6794 

6803 

I 

2 

3 

4 

5 

5 

6 

7 

8 

48 

6812 

6821 

683c 

6839 

6848 

6857 

6866 

687s 

6884 

6893 

1 

2 

3 

4 

4 

5 

6 

7 

8 

49 

6902 

6911 

692c 

6928 

6937 

6946 

6955 

6964 

6972 

6981 

I 

2 

3 

4 

4 

5 

6 

7 

8 

S6 

6990 

6998 

7007 

7016 

7024 

7033 

7042 

7050 

7059 

7067 

1 

2 

3 

3 

4 

5 

6 

7 

8 

SI 

7076 

70S4 

7053 

7101 

711C 

7iifl 

7126 

713s 

7143 

7152 

I 

3 

3 

3 

4 

5 

6 

7 

8 

S3 

7160 

7168 

7177 

718s 

7193 

7202 

721C 

7218 

7226 

7235 

I 

2 

2 

3 

4 

5 

6 

7 

7 

53 

7343 

7251 

7259 

7267 

7275 

7284 

729a 

7300 

7^ 

7316 

1 

a 

a 

3 

4 

5 

6 

6 

7 

54 i 
! 

7324 

7.3.32 

7340 

7.348 

7356 

7364 

7372 

738c 

7388 

7396 

I 

3 

3 

3 

4 

5 

6 

6 

7 



Natural 
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55 

56 

57 

58 

59 

60 

61 

6a 

63 

64 

6s 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 
83 

83 

84 


83 


86 

87 

88 
89 


90 

91 

92 

93 

94 

95 

96 

97 

98 

99 


LOGARITHMS OF NUMBERS [Continued) 


0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I 

7404 

7413 

7419 

7427 

7435 

7443 

7451 

7459 

7466 

'474 


7483 

7490 

7497 

7505 

7513 

7520 

7528 

7536 

7543 

7551 


7559 

7566 

7574 

7582 

7589 

7597 

7604 

7612 

7619 

7627 


7634 

7642 

7649 

7657 

7664 

7672 

7679 

7686 

7694 

7701 


7709 

7716 

7723 

7731 

7738 

7745 

7752 

7760 

7767 

7774 


7782 

7789 

7796 

7803 

7810 

7818 

782s 

7832 

7839 

7846 


7853 

7860 

7868 

7875 

7882 

7889 

7896 

7903 

791C 

7917 


7924 

7931 

7938 

7945 

7952 

7959 

7966 

7973 

7980 

7987 


7993 

8000 

8007 

8014 

8021 

8028 

8035 

8041 

R048 

Rcs 5 


8062 

8069 

8075 

8082 

8089 

8096 

8102 

8io< 

Si 16 

8122 


8129 

8136 

8142 

8149 

8156 

8162 

8169 

8176 

8182 

8lft 


8195 

8202 

820^ 

821s 

8222 

8228 

8235 

8241 

8248 

8254 


8261 

8267 

8274 

8280 

8287 

8293 

8299 

8306 

8312 

83I< 


8325 

8331 

8338 

8344 

8351 

8357 

8363 

8370 

837C 

•382 


8388 

839s 

8401 

8407 

8414 

8420 

8426 

8432 

8439 

8445 


8451 

8457 

8463 

8470 

8476 

8482 

8488 

•454 

8500 

8506 


8513 

8519 

8535 

8531 

8537 

8543 

8549 

8555 

8561 

8567 


8573 

8579 

8585 

8591 

8597 

8603 

86c9 

861s 

8621 

8627 


8633 

8639 

8645 

8651 

8657 

8663 

8669 

8675 

8681 

8686 


8692 

8698 

8704 

8710 

8716 

8722 

8727 

8733 

87.39 

8745 


8751 

8756 

8762 

8768 

8774 

8779 

878s 

8791 

8797 

8802 


8808 

8814 

8820 

8825 

8831 

8837 

8842 

8848 

8854 

8859 


886s 

8871 

8876 

8882 

8887 

8893 

8899 

8904 

891c 

8915 


8921 

8927 

8932 

8938 

8943 

8949 

8954 

896c 

8965 

8971 


8976 

8982 

8987 

8993 

8998 

9004 

9009 

9015 

9C2C 

<7026 


9031 

9036 

9042 

9047 

9053 

9058 

9063 

9069 

9074 

CC79 


9085 

9090 

9096 

9101 

9106 

9112 

9117 

<122 

9128 

91:3 


9138 

9143 

9149 

9154 

9159 

9»65 

5170 

917s 

9180 

9186 


9191 

9196 

9201 

9206 

9212 

9217 

9222 

9227 

9232 

9238 


9243 

9248 

9253 

9258 

9263 

9269 

9274 

9279 

9284 

9289 


9294 

9299 

9304 

9309 

931s 

9320 

9325 

9330 

9335 

9340 

1 

9345 

9350 

9355 

9360 

936s 

9370 

9375 

9380 

9.385 

9390 

* 

9395 

94CO 

940s 

9410 

94IS 

9420 

9425 

9430 

9435 

9440 

0 

9445 

9450 

9455 

9460 

9465 

9469 

9474 

9479 

9484 

9489 

0 

9494 

9499 

9504 

9509 

9513 

9518 

9523 

9528 

9533 

9538 


9542 

9547 

9552 

9557 

9562 

9566 

9571 

9576 

9581 

9586 

0 

9590 

9595 

9600 

960s 

9609 

9614 

9619 

9624 

9628 

96.W 


9638 

9643 

0647 

9652 

9657 

9661 

()666 

9671 

567s 

9680 

0 

968s 

9689 

9694 

9699 

9703 

9708 

971J 

9717 

9722 

9727 

0 

9731 

9736 

• 9741 

9745 

9750 

9754 

9759 

9763 

19768 

9773 

0 

9777 

f 978a 

1 978e 

> 9791 

9795 

98a 

) 980s 

: 9809 

19814 
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Drop method for hydrogen ion determina- 
tion, 213 

Duboscq colorimeter, 10 , 11, 32, 38, 40, 
42, 43 

Duodenal contents, determination of hy- 
drogen ion in, 214 

Duplication method, calculation of results 
in, 53 

color matching, 4, 10 
Dyes, 597 
aniline, 97 

aurin tricarboxylic acid, 92 


determination of hydrogen ion in, 214 
determination of vanillin in, 437 , 439 
Eye strain, 84 
Eyes, care of, 106 


Farming, hydrogen-ion control in, 217 
Fat, SQ9 
Fatigue, 84 

Fatty acids, determination of, 474 
Feces, determination of calcium in, 146 
determination of hydrogen ion in, 214 
determination of lead in, 258 
Eehling’s solution, 433, 434 
Fermentation, hydrogen-ion control in, 217 
Ferric hydroxide, solubility of, 233 
Ferric iron, determination of, 218, 237, 241, 
242, 243, 245 

Ferric oxide, colloidal, 95, 96, 97 
Ferricyanide method for iron, 242 
Ferrocyanide method, for copper, 182 
for iron, 241 
for zinc, 397 
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Ferrous iron, determination of, 239, 242, 
248 

Fiske-Subbarow method, for phosphorus, 
348 

Flour, hydrogen-ion control in, 217 
Fluorine, jpp 

determination of, in rocks, 190 
titanium sulfate method for, 186 
Folin and Wu pipette, 446 
Folin and Wu sugar tube, 470 
Food, determination of salicylic acid in, 432 
determination of zinc in, 397 
Food, products, canning, hydrogen-ion 
control in, 216 

Formaldehyde, determination of, 418 
Frankfurter el al. colorimeter, 328 
Fruit juices, determination of hydrogen 
ion in, 214 
Furfural, 5 pp 
aniline method for, 421 
determination of, 419, 421 
orcinol method for, 419 

G 

Gardening, hydrogen-ion control in, 217 
Gases, solubility of, in water, 721 
Gastric contents, determination of hydro- 
gen ion in, 214 

Gelatin, hydrogen-ion control in, 217 
Geranial (m? Citral) 

Gland, 6oo 

Glassware, composition of, 719 
lead in, 262 
resistance tests of, 720 
Glucose, 6oo 

Glue, hydrogen-ion control in, 217 

Glutamic acid, 6oi 

Glutathione, 6oi 

Glycerin, 6oi 

Glycogen, 6oi 

Gold, 6oi 

ammonia method for, 192 
bromatc method for, 191 
bromide-peroxide method for, 191 
coll9idal, 92-8 

determination of, in ores, 191-96 
in salts, 196 
in sea-water, 196 
Boring’s method for, 193 
Dowsett’s method for, 194 
metaphcnylenediamine method for, 192 


Gold, Prister’s method for, 195 
Rose’s method for, 196 
Gold number, 92 

H 

Hehnei cylinders, 10, 14 
Helianthin, 60s 
Hematin, 94 

Hematin method for lead, 257 
Hematoxylin method for aluminum, 121 
Hemoglobin, 94, 6oj 
determination of, 482, 487 
Hemoglobin values, 486, 487 
Hemoglobinometcr, 482, 483 
Heroine, 604 

Hexamethylenamine, 604 
Hilger colorimeter, 1 1 
Histamine, 604 
Histidine, 604 
Homogcntisic acid, 6oj 
Humus, 60s 

Hydrazine sulfate method for phosphorus, 
341 

Hydrochloric acid, 60s 
Hydrogen cyanide, determination of, 151 
Hydrogen ion, 60s 
concentration of, in water, 204 
determination of, 205, 208, 210, 213 
in clays, 214 
in culture media, 214 
in duodenal contents, 214 
in extracts, 214 
in feces, 214 
in fruit juices, 214 
in gastric contents, 214 
in milk, 214 
in muscle juice, 214 
in serums, 214 
in tissue, 214 
in urine, 214 
general theory, 198 

Hydrogen-ion control, applications of, 216 
in acid zinc plating, 216 
in bacteriological work, 216 
in candy, 216 

in canning food products, 216 
in chemical analyses, 216 
•in clays, 216 

in cleaning processes, 217 
in crackers, 216 
in dyes, 217 
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Hydrogen-ion control, in electroplating, 
217 

in fermentation, 217 
in flour, dough, bread, 217 
in gardening and farming, 217 
in gelatin and glue, 217 
in general chemicals, 217 
in industrial wastes, 217 
in laundry processes, 217 
in milk and milk products, 217 
in paper manufacture, 217 
in pathological work, 217 
in pharmaceuticals, 217 
in pigments, 217 
in sewage disposals, 217 
in sugar manufacture, 217 
in tanning leather, 217 
in water purification, 217 
Hydrogen-ion determination, Brown’s 
method, 213 
Cullen’s method, 492 
drop method, 213 
in blood, 492, 493 
in urine, 533 

McClendon’s method, 493 
Hydrogen-ion exponent scale, 199 
Hydrogen-ion indicatois, 206 
Hydrogen-ion testing set, 213 
Hydrogen peroxide, 60S 
determination of, 332, 333 
Hydrogen sulfide, 6og 
determination of, 375 
in water, 376 

methylene blue method foi, 375 
preparation of pure, 240 
solubility of, in water, 721 
Hydrogen-sulfide method for phosphorus, 
344 

Hydrolysis, 610 
effects of, 87 
Hydrophilic colloids, 92 
Hydroxylamine, 610 

I 

Icteric index, 479 
Illumination “sphere,” 51 
Imidazole, 610 

Incinerations, determination of magnes'um 
in, 264 
Indican, 6w 
Indicators, 205, 206 


Indigo, 611 
Indole, 61 1 

Industrial wastes, hydrogen ion in, 217 
Interference eliminators, 96 
Inulin, 611 

Iodide method for bismuth, LH 
Iodine, 611 

lodoquinic reagent for bismuth, 133 
Ionization, effects of, 87 
Iron, 613 

acctylacetonc method for, 245 
chloride method for, 238 
colorimeter for, 224, 225 
determination of, 491 
in biological material, 491 
in china clays, 237 
in salts, 244 

detennination of manganese in, 273 
determination of phosphorus in, 342, 344 
determination of sulfur in, 372, 373 
determination of titanium in, 377 
determination of vanadium in, 388, 391 
dimcthylglyoximc method for, 248 
fcrricyanide method for, 242 
ferrocyanide method for, 241 
Mellor’s method for, 237 
salicylic method for, 243 
sulfide method for, 239 
sulfocyanate method for, 218, 237 
Iron sulfide, solubility of, 233 
Isobutyl alcohol, 620 
Isodisulfocyanic acid, 219, 234 

J 

Julian tubes, 10, 14 

K 

Kcnnicott-Campbell-Hurley colorimeter, 

10 , 21 

King colorimeter, 287 
Kleinmann colorimeter, 11, 45 
Kober colorimeter, 11, 28, 32 
Konig’s reagent for chromium, 165 

L 

Lactic acid, 621 
Lactose, 621 

LaMotte block comparator, 210 
Lamps, colorimeter, 50, 51, 252 
Cullen, 51 
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Lamps, daylight, 621 
Osram-opal, 45 

Laundry processes, hydrogen ion in, 217 
Lead, 622 

aniline method for, 257 
bisulfite method for, 257 
chromate method for, 254 
determination of, in canned goods. 256 
in feces, 258 
in solders, 256 
in tinning baths, 256 
in urine, 258 
in water, 257 

diphenyl carbazidc method for, 255, 258 
hematin method for, 257 
sulfide method for, 250 
Lead content of vessels, 262 
Lead sulfide, colloidal, 97 
I.ead sulfide method for sulfur, 372 
Lecithin, 626 
determination of, 478 
I^eitz-Duboscq colorimeter, II, 40 
Lemon oils, determination of citral in, 414 
Levulose, 626 
Licopin, 626 
Light, source of, 106 

Lipoid phosphorus, determination of, 478 
Lipoids {see Lecithin) 

Lovibond tintometer, 2, 10, 11 

M 

Magnesium, 62 y 
Bell-Doisy method for, 264 
determination of, in blood, 264 
in incinerations, 264 
in tissue extracts, 264 
in urine, 264 
in water, 266 
oleate method for, 270 
phosphomolybdate method for, 266 
Manganese, 628 
bismuthate method for, 279 
determination of, 531 
in iron, 273 
iq ores, 273 
in soils, 273 
in steels, 273 
in urine, 531 
in water, 273 
periodate method for, 273 
persulfate method for, 271 


Marine organisms, determination of zinc 
in, 397 
Mass law, 198 

McCabe’s method for vanadium, 388, 391 
McClendon’s method for hydrogen ion, 
493 

Mechanical construction of colorimeter, 104 
Mellor’s method for iron, 237 
Mercuric bromide method for arsenic, 125 
Mercuric sulfocyanate, 220 
Mercury, 632 

determination of, in urine, 282 
sulfide method for, 282 
Mercury light, 252 

Metals, bearing, determination of alumi- 
num in, 114 

Metaphenylenediaminc method, for gold, 
192 

for nitrite, 310 
Methemoglobin, 634 
Methyl orange, 87, 88, 89 
standard for titanium, 386 
Methyl violet, 93 

Methylene blue method, for hydrogen sul- 
fide, 375 
for sulfur, 373 

Milk and milk products, hydrogen ion in, 
217 

Milk, determination of hydrogen ion in, 214 
Millon’s reagent, 431, 432 
Minerals, determination of aluminum in, 
109 

determination of potassium in, 358 
determination of tungsten in, 387 
Molybdate method for phosphorus, 336, 
337 

Molybdenum, 634 
colorimeter for, 287 
determination of, in ores, 283 
in rocks, J83 
in steel, 292 
in tungsten, 285 
in tungsten trioxide, 283 
peroxide method for, 283 
tannic acid method for, 284 
Molybdic acid-quinine method for phos- 
phorus, 343 

MV)nochromatic analysis, 2, 1 1 
Morphine, 635 

Morphine sulfate method for formalde- 
hyde, 418 
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Muscle juice, determination of hydrogen 
ion in, 214 

Myers colorimeter, 1 1 

N 

a-Naphthylamine hydrochloride method for 
nitrite, 309 

Nephelometric analysis, definition of, 2 
Nephelometry, definition of, 2 
Nessler tubes, 10, 12 
Nessler tube box, 13 
Nessler tube colorimeter, 10, 24 
Nessler tube rack, 13 
Nessler’s method for ammonia, 306 
Nesslcr’s reagent, 96, 306, djd 
preparation of, 306, 447, 448 
Nesslerization, 96, 317, 449, 451, 506, 508, 
510 

Nickel, 

chloride method for, 303 
determination of, in absence of cobalt, 
300 

in alloys, 297 
in biological material, 298 
in presence of cobalt, 301 
in steel, 297, 298 

dimethylglyoxime method for, 295 
di-thio-oxalate method for, 298 
thiocarbonate method for, 296 
Night blue, 93 
Niobium (see Columbium) 

Nitrate and nitric acid, djS 
Nitrate, brucine method for, 318 
determination of, 313, 316-20 
in acids, 318 
in salts, 3 1 8 
in sewage, 318, 319 
in water, 313, 317-19 
diphenylbenzidine method for, 316 
phenoldisulfonic acid method for, 313 
pyrogallol method for, 319 
reduction method for, 317 
strychnine sulfate method for, 320 
Nitrite and nitrous acid, 64 p 
Nitrite, antipyrin method for, 311 
determination of, 308-12 
dimethylaniline method for, 311 
metaphenylenediamine method for, 310 
a-naphthylamine hydrochloride method 
for, 309 


Nitrite, sulfanilic acid and a-naphthylamine 
method for, 308 

zinc iodide-starch method for, 312 
Nitrogen (see also Ammonia and Amino- 
acids), 6 jQ 

amino-acid, determination of, 467, 515 
non-protein, determination of, 446 
total, determination of, 500, 502, 505, 
506, 508 

in urine, 500, 502, 505, 506, 508 
Nitro glycerine, 664 

Nitros(xlimcthylaniline method for per- 
chlorate, 163 

a-Nitroso- /j-naphthol, 173 
a-Nitroso- /i-naphthol method for cobalt, 
172 

Nitro-toluenc, 664 

Non-ferrous materials, determination of 
aluminum in, 114 

Non-protein nitrogen, determination of, 446 

Novocaine, 664 

Nutting colorimeter, 2, 1 1 

0 

Observation, photometric, 106 
Observ'er, precautions to be taken by, 106 
Oils, 664 

lemon, determination of citral in, 414 
Oleate method, for calcium, 143 
for magnesium, 270 

Optical construction of colorimeter, 103 
Orcinol method for furfural, 419 
Ores, determination of chromium in, 167 
determination of gold in, 191-96 
determination of manganese in, 273 
determination of molybdenum in, 283 
Organic substances, 664 
determination of, 423 

Organisms, marine, determination of zinc 
in, 397 

Ortho-tolidine, 157 

Ortho-tolidine method for chlorine, 157 
Osmium, 664 
Osram-opal lamp, 45 
Oxalic acid, 66 j 
Oxybutyric acid, 665 
Oxygen, 66 j 
colorimeter for, 324, 328 
determination of, in water, 323, 326 
solubility of, in water, 331, 721 
solubility table for, 33 1 



768 , 


SUBJECT INDEX 


I* 

Paints, determination of cobalt in, 173 
Paper manufacture, hydrogen ion in, 2 1 7 
Pathological work, hydrogen ion in, 217 
Pentosans, 666 

Pentose, determination of, 426 
Pepsin, 666 
Peptization, 97 
Perchlorate, 666 

determination of, in Chile saltpeter, 163 
nitrosodimethylaniline method for, 163 
Periodate method for manganese, 273 
“Permutit,” 451, 510, 513, 515, 516 
Peroxide method, for molybdenum, 283 
for titanium, 377, 384 
Persulfate method for manganese, 27 1 
scale, 199 

Pharmaceuticals, hydrogen ion in, 217 
Phenol, 666 

determination of, 428, 429, 431, 481 
in polluted water, 429 
Phenoldisulfonic acid method for nitrate, 
313 

Phenolhypochloritc method for ammonia, 
307 

Phenolsulfonephthalein, ddS 
Phosphate and Phosphoric acid, 66H 
Phosphate, determination of, in presence 
of silica, 369 

Phosphomolybdate method for magnesium, 
266 

Phosphorus {see also Phosphate), Bell- 
Doisy-Briggs method for, 346 
Benedict-Theis method for, 353 
determination of, 336, 337, 341, 342, 343, 
344, 346, 348 
in blood, 346, 348, 353 
in cast iron, 342 
in pig iron, 344 
in plant extracts, 336, 370 
in soil, 336, 370 
in steel, 342, 344 
in urine, 346, 348 
in water, 336, 370 
Fisk«-Subbarow method for, 348 
hydrazine sulfate method for, 341 
hydrogen sulfide method for, 344 
molybdate method for, 336, 337 
molybdic acid-quinine method for, 343 
vanadio-molybdate method for, 342 
Photometric analysis, definition of, 1 


Photometric balance, 107 
Photometric observation, 106 
Photometry, 11 

Physico-chemical principles involved in 
chemical analysis, 1 
Picric acid, 457, 6‘;6 
Pigments, bile, 6y6 

determination of, 479, 480 
blood, d/d 

hydrogen ion in, 217 
Pipette, Folin and Wu, 446 
Pitch, d/d 

Plant extracts, determination of phos- 
phorus in, 336, 370 
determination of silicon in, 370 
Plants, determination of cyanide in, 151, 
154 

Platinum, d/d 
colloidal, 96 

potassium iodide method for, 355 
Potassium, d// 
determination of, 357, 359 
in minerals, 358 
in soil, 358, 364 
in water, 358 

Potassium iodide method, for platinum, 355 
for selenium, 365 

Precautions to be taken by observer, 106 
Precision instrument, care of, 105 
mechanical construction of, 104 
optical construction of, 103 
Principles, general, colorimetry, 1 
Prism, Albrecht-HUfner, 42 
Prister’s method for gold, 195 
Protective action, envelope theory of, 91 
Protective colloids, 91 
“Protein error,” 95 
Protein-free blood filtrate, 444 
Proteins {see also Albumin), d// 
determination of, 527 
Prussian blue, 6yS 

Prussian blue method for cyanide, 151 
Purple of Cassius, 99, 191, 194, 196 
Pyrogallol method for nitrate, 319 

Q 

Quinine, 6^8 

iirsenomolybdic method for arsenic, 128 
R 

Rack for Nessler tubes, 13 
Ramsay and Homfray colorimeter, 324 
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Reagent, Cazeneuve’s, 255 
Reduction method for nitrate, 317 
Reduction of vat dyes, 3, 415 
Reflector, double, 104 
single, 104 
split, 104 

Requirements of colorimetry, 5 
Resorcinol method for zinc, 396 
Rhodium, 

Rocks, determination of chromium in, 
167 

determination of fluorine in, 190 
determination of molybdenum in, 283 
Rose’s method for gold, 196 

S 

Saccharine, 

Saffron, 6 ^^ 

Salicylic acid, d^S 
determination of, 432, 433 
in food, 432 

Salicylic acid method, for copier, 183 
for iron, 243 

Salt mixtures, determination of calcium in 
142 

Salts, bile, determination of, 480 
determination of aluminum in, 109 
determination of copper in, 181 
determination of gold in, 196 
determination of iron in, 244 
determination of nitrates in, 318 
Salvarsan, d5i 
Saybolt chromometcr, 10 
Schmidt & Haensch colorimeter, 1 1, 43 

Schreiner colorimeter, 10, 18 

Sea- water, determination of gold in, 196 
Selenium, d5i 

potassium iodide method for, 365 
Sensitiveness, 6 ^i 

variable, 83 • , 

Serum, blood, determination of calcium in, 
142 

determination of hydrogen ion in, 214 
Sewage, determination of nitrates in, 318, 
319 

Sewage disposals, hydrogen ion in, 217 

Silica (5e<! Silicon), 366, d^2 
Silica and phosphate, determination©!, m 
presence of each other, 369 
Silicate rocks, determination of titanium in, 
3^4 


Silicon (.rrc aUo Silica), 366 
determinal ion of, in plant extracts, 370 
in soil, 370 
in tissues, 366 
in water, 370 
sulfite method for, 366 
Silver, 6 iSj 

Silver nitrate method, for arsenic, 128 
Skatole, 6 Sj 

Slags, determination of copper in, 176 
Sodium, 6 S 4 

Sodium alizarin monosulfonate, 1 19 
Soil toxicity, 6<^4 

Soils, determination of manganese in, 273 
determination of phosphorus in, 336, 370 
determination of potassium in, 358, 364 
determination of silicon in, 370 
Solders, determination of lead in, 256 
Solubility, of ferric hydroxide, 233 
of gases in water, 721 
of hydrogen sulfide in water, 72 
of iron sulfide, 233 
of oxygen in water, 331, 721 
of sulfur dioxide in water, 721 
Solutions, unbuffered, behavior of, 204 
Specifications for colorimeters, 103 
Spectroiihotometry, 1 1 
Siiectroscope, 11 

Speed of colorimetric methods, 7 
Spelter, determination of aluminum in, 1 14 
Spencer -I )ul)oscq colorimeter, 11, 42 
Sphere illuminator, 51 
Stabilizers, colorimetric, 91 
Stain method for sulfur, 375 
Stammer colorimeter, 10 
Standard scries methotl, calculation of 
results in, 52 
color matching, 3, 10 
Standards, 6 S 4 
color, 208 
bottles for, 12 
colored glass, 3 
permanent, 3, 4 
for chlorine, 158 
for titanium, 386 ^ 

Starch, 

Steels, determination of catbon in, 148 
determination of chromium in, 165, 167, 
169 

determination of manganese in, 273 
I determination of molybdenum in, 292 
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Steels, determination of nickel in, 297, 298 
determination of phosphorus in, 342, 344 
determination of sulfur in, 372 
determination of titanium in, 377, 384 
determination of tungsten in, 387 
determination of vanadium in, 388, 391 
Steiger colorimeter, 15 
Stercobilin, 68s 

Stokes and Cain colorimeter, 225 
Strychnine, 686 

Strychnine method for vanadium, 393 
Strychnine sulfate method for nitrate, 320 
Sugar {see also Carbohydrate, Dextrose, 
Glucose, and Lactose), 686 
determination of, 469, 471, 472, 524, 525 
Sugar manufacture, hydrogen ion in, 217 
Sugar tube, Folin and Wu, 470 
Sulfanilic acid and a-naphthylamine 
method for nitrite, 308 
Sulfate, 6g3 

Sulfide method, for antimony, 123 
for copper, 178 
for iron, 239 
for lead, 250 
for mercury, 282 
Sulfite method for silicon, 366 
Sulfocyanate method for iron, 218, 237 
Sulfocyanic acid, 221 
Sulfur, 6 q 3 

determination of, 372, 373 
in iron, 372, 373 
in steel, 372 

lead sulfide method for, 372 
methylene blue method for, 373 
stain meth(xl for, 375 
Sulfur dioxide, solubility of, in water, 721 
Suprarenine {see Adrenaline) 

Syringe, Luer, 496 

T 

Tables, 719 
colorimetric, 51,57 

Tannic acid method for molybdenum, 284 
Tannin, etc., 698 
detenpination of, 435 
Tanning leather, hydrogen ion in, 217 
Tantalum, 699 
Tautomer, 88, 89 

Thiocarbonate method for nickel, 296 
Thiocyanate, 699 

Thiocyanate method, for cyanide, 154 


Thiocyanate method, for iron, 218, 237 
Thiophen, 699 
determination of, 436 
Thiosulfate, 699 
Thymol, 699 

Thymol method for titanium, 381 
Tin, 700 

Tinning baths, determination of lead in, 256 
Tintometer, Lovibond, 2, 10, 11 
Wesson, 11 

Tissue, determination of hydrogen ion in, 
214 

determination of silicon in, 366 
Tissue extracts, determination of mag- 
nesium in, 264 
Titanium, 700 
color reactions with, 383 
determination of, 377, 381, 384 
in clays, 384 
in iron, 377 
in silicate rock, 384 
in steel, 377, 384 
permanent standard for, 386 
peroxide method for, 377, 384 
thymol method for, 381 
Trypsin, 703 
Tryptophane, 703 
Tubes, 10 
Eggertz, 10, 13 
Hehner, 10, 14 
Julian, 10, 14 
Nessler, 10, 12 
Tungsten, 704 
determination of, 387 
in minerals, 387 
in steel, 387 

determination of molybdenum in, 285 
Tungstic oxide, colloidal, 101 
determination of molybdenum in, 283 
Turbidimeter, 7^4 
Turbidimetry, 2 
Turbidity, 704 

Turmeric method for boron, 133 
Tyndallmeter, 704 
Tyramine, 705 

Tyrosine {see also Amino-acid), 705 

• U 

Unbuffered solutions, behavior of, 204 
1 Units, conversion table of, 721 
I Uranium, 706 
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Urea, yo6 | 

determination of, 451, 453, 454, 455, 510, j 
511 

Urease, 451, 455, 7o5 
Uric acid, 70 ^ 
determination of, 462, 522 
Urine, 71 ^ 

determination of calcium in, 143 
determination of hydrogen ion in, 214, 
533 

determination of lead in, 258 
determination of magnesium in, 264 
determination of manganese in, 531 
determination of mercury in, 282 
determination of phosphorus in, 346, 348 
determination of total nitrogen in, 500, 
502, 505, 506, 508 
Urine, analysis, 500, 518 
Urochrome, 71 ^ 

V 

Vanadio-molybdate method for phos- 
phorus, 342 
Vahadium, 774 

determination of, 388, 391, 393 
in iron, 388, 391 
in steel, 388, 391 
McCabe’s method for, 388, 391 
strychnine method for, 393 
Vanillin, 7 id 

determination of, 437, 439 
in extracts, 437, 439 
Varnish, determination of cobalt in, 173 
Vat dyes, 97, 415 
reduction of, 3, 415 
Vessels, lead content of, 262 

W 

Wastes, industrial, hydrogen ion in, 217 
Water, yi6 


Water, determination of, in alcohol, 334 
determination of aluminum in, 109, 121 
determination of chlorine in, 157 
deteiminalion of hydrogen ion in, 204 
determination of hydrogen sulfide in, 376 
determination of lead in, 257 
determination of magnesium in, 266 
determination of manganese in, 273 
determination of nitrates in, 313, 317, 
318, 319 

determination of oxygen in, 323, 326 
determination of phenol in, 429 
determination of phosphorus in, 336, 370 
determination of potassium in, 358 
determination of silicon in, 370 
determination of zinc in, 397 
purification, hydrogen ion in, 217 
Weights, atomic, table of, 722 
Wesson tintometer, 1 1 
White colorimeter, 1 1 , 48 
Wood fiber, 717 

X 

Xanthate method for copper, 184 
Xanthophyll, 7/7 

Z 

Zeolite, 513 
Zinc, 7/7 

determination of, 396, 397 
in food, 397 

in marine organisms, 397 
in water, 397 

ferrocyanide method for, 397 
icKlide-starch method for nitrite, 312 
resorcinol method for, 396 
Zinc plating, acid, hydrogen-ion control in, 
216 

Zinc sulfide, colloidal, 99 











